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Abstract 
Country roads are potential centres of conflicts between drivers and animals. In Germany 
210,000 accidents between animals and vehicles have been reported in 2002. There are very 
good reasons for tackling this problem from an economical, safety or ecological perspective. 
Investigating these accidents is particularly important in national parks as they have the task 
to protect the local species from sources that might have severe consequences for the local 
population sizes. This study carried out an investigation of deer-vehicle crashes on the 
territory of the Nationalpark Eifel (Germany) on the basis of forestry bag-lists and police 
reports in order to evaluate the magnitude of the road impacts. The second aim of this study 
was the identification of a suitable mitigation strategy for roads in national parks in general, 
which is acceptable to the three stakeholders involved: conservationists, tourists and locals. 
Although the study was unable to detect any negative implications of roads in the 
Nationalpark Eifel, they might originate in the future. The mitigation strategy for national 
parks compiles a selective closure of roads, the levying of a socially acceptable road toll and 
the use of selective mitigation measures. 
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Preface 
 
During the past two years I have been focussing on nature conservation issues. My particular 
field of interest have been national parks as they are providing opportunities to work on a 
variety of issues concerning conservation strategies. In the summer 2003 I have been in 
contact with members of a German forestry department. That particular department had 
been designated to be the executive organ of the new German Eifel Nationalpark that was 
going to be opened in 2004. The department have had given a very limited amount of time 
to carry out the installation routine, and there have been numerous things to worry about. In 
order to get everything done as well as possible given the short time they had, one of the 
main priorities had been the collection of data in all sorts of branches. Their attitude can be 
described as “the more we know the better are the decisions we draw”. One worry they 
faced launched my personal interest. They have been asking themselves whether deer 
accidents along the road network on the national park’s territory could create problems in 
the future. So long they had not dealt with that issue as it had been outside their area of 
responsibility. The kind of problems that might be occurring remained undefined.  
 
I decided to have a closer look into that study area, being curious myself about the outcome. 
The media in Germany, the country I come from, keeps on warning the public nearly on a 
yearly basis about the risks of using roads at nights, particularly becoming involved in an 
accident with wild animals. But how extensive is that problem in reality? What is the level of 
risk carried by the drivers? What is the impact on animal populations? Here I saw a chance 
to dig deeper and to find answers to these questions. But I wanted to go even further. I 
found that numerous studies have been dealing with the issue of deer-vehicle crashes 
previously, so I assumed that even if I discover that they don’t create a problem in the 
Nationalpark Eifel, they still have to be of concern in other regions. Hence my aim was to 
identify the conditions under which DVCs are becoming a problem, and also what measures 
should be used in order to address it. The focus should still remain on national parks. On the 
basis of animal accidents, but also by including a more extended discussion about a suitable 
and sustainable road strategy in national parks I want to find underlying principles which 
enable politicians, road planners and administrative organs of national parks to optimize their 
road system.  
 
 V
As I want to enable everyone who is interested in that subject just like me to read and to 
understand the report, I deliberately have chosen a easily readable language. I hope you 
enjoy reading it and also find that topic as interesting and valuable as I do. 
 
 
Alexander Beckmann                                                                Roskilde, the 21 May 2004 
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Glossary 
 
 
DVC Deer-vehicle crash: collision between a wild animal and a road vehicle 
  
Eifel Geographical region in the West of Germany 
  
IUCN The World Conservation Union: an international organisation that 
sets the international standards for national parks 
  
Mitigation measures Technical and non-technical applications to reduce deer-vehicle crashes 
  
NGO Non Governmental Organisation: an NGO is an organisation that is 
not part of the local or state or federal government [The free dictionary 
2004] 
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1. Introduction 
 
Modern western societies are characterized by high mobility [Wahle et al. 2001]. Economic 
growth, higher disposable income, technological development, internationalisation and 
reduced barriers to international trade, decreasing costs of transport, changes in patterns of 
production and consumption and social factors are making increasingly greater demands to 
the infrastructure [EU 2000]. Although the network is already very dense in many western 
countries, it is still developed continuously in order to meet the growing demands of the 
industries. They require a good infrastructure for the connection to their markets [Holl 
2004]. Once new parts of the infrastructure are set up private users occupy them too. It was 
only the modern dense network that enabled many people to find their working places 
outside their residential areas, or vice versa. 
 
The image of the infrastructure as changed thoroughly in Europe since the first human 
civilisations. Where people once have been roaming the countries on foot or on the backs of 
animal companions such as horses or oxen, they later used coaches, trains and eventually 
automobiles. At the same time the existing traffic network has been extended and 
modernized. This extension still seems never to come to an end. Of course the extension 
also caused conflicts. One of the conflicts is found in the area of nature protection. As a 
consequence of a change in values in the middle of the 20th century demands for more 
responsible treatment of the nature, negative influences of roads to existing ecosystems 
have been registered and expounded [Seiler 2003]. Nature conservation interests 
continuously collide with the demand for a higher mobility. There was great concern among 
the conservationists that human expansions, a growing economy and hence an increase of 
the traffic network would irreversibly destroy many habitats. Nature conservation areas 
should help to protect the interests of nature. National parks are one form of such protected 
areas. 
 
1.1 National parks 
National Parks are natural area of land and/or sea, designated to (a) protect the 
ecological integrity of one or more ecosystems for present and future generations, (b) 
exclude exploitation or occupation inimical to he purposes of designation of the a ea 
and (c) provides a foundation for spiritual, scientific, educational, recreational and 
visitor oppor unities, all of which must be environmentally and culturally compatible.  
t r
t
[IUCN 1994] 
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Conserving habitat and species diversity has been recognised to be an important task around 
the globe as the extinction of species has started to be recorded. Although extinction is a 
natural process which has occurred throughout the history of species, the issue of extinction 
became of particular concern recently as it has been demonstrated that the extinction rate is 
significantly greater than in the past, apart from the periods of mass extinction. Birdlife 
International, a global network of NGOs focussing on conservation and birds, estimates 
extinction rates of birds in the last 200 year to be 40 times higher than what have been 
reconstructed from fossil records. Among other species the current rate is estimated to be to 
1000 times as high as the “natural” rate [Birdlife International]. The human race has been 
identified to be the main reason for this elevation. Thus it can be concluded that if humans 
are responsible for the high extinction rates, it lies in their hands to do something about it. 
Thus nature conservation areas should be islands in a world of fast changing landscapes 
where species find time to recover [Antrop 2004]. 
 
Numerous nature conservation areas have been set up around the globe in the past. 
Although they all have been based on one common aim – the conservation of natural 
habitats – the purpose of them and also the measures to achieve their goals have been 
varying significantly. Most of them have been given different names, which made it quite 
difficult to derive the objectives of those areas by just looking at the label. The World 
Conservation Union (short IUCN) found that worldwide “over 140 names had been applied to 
protected areas of various types” [IUCN 1994], 45 names in Australia alone. To complicate 
matters even further, the use of the names was not cohesive. In order to standardize the 
terminology, the IUCN has developed a system of six categories, which are now globally 
recognized. Each of them emphasizes different management objectives (see fig. 1.1). 
 
The weighing of the objectives displayed in the table is only seen as a recommendation. It 
still lies within the hands of the individual authorities to decide what they want to do. 
However it has been shown that many national park authorities are willing to adopt those 
objectives (e.g Nationalpark Eifel (Germany), Nationalpark Hohe Tauern (Austria)). The table 
confirms that the common factor among the different categories is the “preservation of 
species and genetic diversity”, which is stated to be at least a secondary objective. National 
parks, which form one of the categories, even give this objective top priority. Hence most of 
the categories are trying to exclude actions from the national park that may be harmful to 
the local ecology. As roads are recognized to have undesirable effects on the ecology, most 
national park authorities ban road-constructing actions on the national parks’ territory.  
 
 - 2 - 
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Management Objective Ia Ib II III IV V VI
Scientific research 1 3 2 2 2 2 3
Wilderness protection 2 1 2 3 3 - 2
Preservation of species and genetic diversity 1 2 1 1 1 2 1
Maintenance of environmental services 2 1 1 - 1 2 1
Protection of specific natural/cultural features - - 2 1 3 1 3
Tourism and recreation - 2 1 1 3 1 3
Education - - 2 2 2 2 3
Sustainable use of resources from natural ecosystems - 3 3 - 2 2 1
Maintenance of cultural/traditional attributes - - - - - 1 2
 
1  Primary objective 
2  Secondary objective 
3  Potentially applicable objective
-  Not applicable 
Keys: Ia  Strict Nature Reserve 
Ib Wilderness Area 
II National Park 
III Natural Monument 
IV Habitat/Species Management area 
V Protected Landscape/Seascape 
VI Managed Resource Protected Area 
Fig. 1.1 Matrix of management objectives and IUCN protected management categories [IUCN 
1994] 
 
In order for the national park objectives to work, the area that is put under the protection 
must be of sufficient size. The IUCN recommends that “the area should be large enough to 
contain one or more entire ecosystems not materially altered by current human occupation 
or exploitation” [IUCN 1994]. The UN lists only areas that are larger than 1000 ha (or 100 ha 
in the case of entirely protected islands), but IUCN calls those figures arbitrary. The 
boundaries are quite flexible.  
   In order for the national park network idea to work, ideally national parks should be 
installed on every continent of our planet. Nature conservation projects are carried out 
predominantly in countries that are able to afford them. Best chances for sufficient money to 
run a park project are found in highly industrialized countries, such as those of the European 
Union. Most of the European countries nowadays see it as a moral obligation to have 
national parks in their territory. But even if there is a strong willingness to have them, it can 
be quite difficult to find suitable places in Central Europe that meet the requirements. 
Responsible is the high population density.  
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1.2 Population density in Europe 
Europe is not only highly developed in an economic sense. It is also densely populated as 
shown in figure 1.2.. The table displays the population density in 15 European countries in 
the years 1990 and 1999. As to be seen, the population density is extremely 
heterogeneously distributed over the EU. The Netherlands, Belgium, the UK and Germany 
are the countries with the highest ones. In those countries 467, 335, 244 and 230 people 
live per square kilometre, respectively [European Union]. On the other of the spectrum we 
find countries like Finland and Sweden with Population densities only around 20 people/km2, 
and also Ireland with roughly 53 people/km2. On average, 119.1 humans lived on one square 
kilometre in Europe in 1999, with a tendency to increase. 
 
Of course the distribution is also not even on a national level (see fig. 1.3). People live 
concentrated in conurbations. Large cities such as London can easily exceed population 
 1990 1999
EU (15 countries) 115.5 119.1
Belgium 326.6 334.7 
Denmark 119.3 123.4 
Germany 222.2 229.9 
Greece 77.2 80.1 
Spain 77.2 78.5 
France 104.3 107.8 
Ireland 49.9 53.3 
Italy 188.1 191.3 
Luxembourg 147.3 167.2 
Netherlands 441.3 466.8 
Austria 92.2 96.5 
Portugal 107.7 110.5 
Finland 16.4 17.0 
Sweden 20.8 21.6 
United Kingdom 235.5 244.0 Up to 50 
50 - 100 
100 - 250 
250 - 500 
500 and more 
Fig. 1.3 Population density in Europe 1995 (inhabitants/km2) 
(source BBR, eurostat) 
 
 
 
Fig. 1.2 Population Density (inhabitants per km2) 
in EU countries [European Union] 
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densities of several thousand people per square kilometre in places. The figures in the table 
indicate that it might be hard to find sufficient space for a national park, an area from which 
human actions that are harmful to species should be excluded as much as possible. 
 
1.3 The challenge 
As it has been widely recognized that roads impose serious impacts on the ecological balance 
of habitats, it must be supposed that they should be excluded from protected areas. 
Unfortunately this goal can not always be achieved. High population densities and the dense 
traffic network that inevitable come along with them makes it sometimes unavoidable to 
incorporate roads in the national parks’ territories.  
   National parks don’t only have the purpose to conserve species. According to the IUCN 
objectives, national parks also have to promote recreation and tourism, providing scientific 
research opportunities, protecting specific natural but also cultural features, and undertaking 
efforts to educate people [IUCN 1994]. Park authorities have to combine all of these 
objectives. That can only be done through careful management strategies. 
 
A new national park has recently been set up in the Eifel, a geographic region in Germany. I 
found that many of the problems that the park management has encountered during the 
planning stage and also the execution period refer back to the high population density in the 
Eifel region and its location of being surrounded by numerous European metropolises (e.g. 
Cologne, Bonn, Aachen). The administrative responsibilities have been given to the hands of 
a former forestry department. The department has seen itself faced with a large number of 
new tasks. Many of these tasks are falling into categories the forestry department did not 
have to worry about previously. One of these is road safety. 
   The responsibilities of the forestry department by becoming the national park authority 
have been extended from being in charge of the disposal of the animal corpses that have 
died in road accidents. Now the authority also has to deal with conservation objectives as 
well as the promotion of tourism in the park area. In order not to overlook important 
features and to rush to conclusions when developing suitable management strategies they 
decided to make a detailed analysis of deer-vehicle crashes (short DVC) on the national 
park’s territory.  
 
Deer vehicle accidents have been subject to numerous analyses and presentations. In 
Germany this issue is repeatedly brought up in the media [e.g. Der Spiegel 1997; ADAC from 
2000 – 2004]. The bare numbers indicate DVCs to be an issue that should be taken 
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seriously. In Germany 210,000 accidents have been reported to the insurance companies in 
2002 [Gesamtverband der Deutschen Versicherungswirtschaft, pers. comm.]. The total 
damage originating from these accidents is estimated to be approximately 400 million Euros. 
Between 2001 and 2003 the number of DVCs resulting in humans being injured has risen 
from 2,600 to 2,800 in Germany per year [Federal Bureau of Statistics; orig. Statistisches 
Bundesamt]. In the USA more than 538,000 deer have been killed along the highway system 
1991, with a tendency to increase [Putman 1997]. About 120 people are killed in deer 
vehicle crashes in USA each year [Danielson and Hubbard 1998]. In Sweden more than 40 
percent of all road crashes fell back to accidents involving deer in 1982 [Putman 1997]. 
Numerous studies have been analysing DVCs, trying to identify the conditions under which 
they happen and suggesting more or less suitable measures to reduce them [e.g. Hartmann 
2003; Putman 1997]. Those figures show that the subject has to be taken serious.  
 
As the national park administration was aware that their road network might be problematic 
from either a human perspective or an ecological perspective, it decided to carry out a 
research about the deer-vehicle crashes on their roads. As I was fascinated by that research 
area, they proposed that I could do this investigation. I agreed. 
 
1.4 Research area and research question 
This thesis is pursuing two different but coinciding aims. They are presented in the research 
question: 
 
Do deer vehicle crashes create problems on the territory o  the German national park Eifel? 
What are the conditions that they might become a problem in the future? What are the 
underlying principles o  deer vehicle crashes, and how can they be solved? Based on those 
results, what measures can national parks apply in order to establish a road system which is 
beneficial to all stakeholders?  
f
f
 
The research question contains two tasks that are addressed by this report. Firstly it 
evaluates the extent of DVCs on the territory of the Nationalpark Eifel now and tries to 
estimate the development in the future. Secondly it discusses road management options 
available to national park authorities in order to find strong compromises between different 
stakeholders. For that it is important to understand, why DVCs are happening. Are they 
falling back to inappropriate road designs? Or are they results of human misbehaviour in 
traffic or a disturbed perception of the road environment? Or is it the unpredictable 
behavioural nature of animal species that make road accidents unavoidable? Probably it is a 
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combination of all of these. Understanding the principles of road accidents involving animals 
allows proposing suitable measures to deal with the problems that go along with them, 
leading to better road safety for people and better nature management for animals.  
   Modern road designing and road management has to fulfil numerous tasks. The Institute 
of Road Planning and Road Construction at the University Stuttgart identifies four objectives 
that roads have to live up to: they have to be secure, environmentally harmless, efficient and 
economical [University Stuttgart 2004]. Evaluating road networks can be done from various 
angles, depending on the choice of perspective. As this thesis is dealing with national parks, 
the emphasis will be placed on the environmental perspective. But as I see the study area as 
interdisciplinary, also ethical and social aspects will be considered. 
   I expect the outcome of the discussion to be of interest for many national parks in Europe 
and around the globe, as numerous of have them have roads running through their territory. 
Examples are the Müritz national park (Germany), Storre Mosse national park (Sweden), the 
Lake District (Great Britain) and national park Hohe Tauern (Austria). Additionally population 
densities and hence population pressures are either already high or are rapidly increasing in 
the future. Thus it is likely that also future national parks might encounter those problems. 
 
1.5 Stakeholders 
The problem formulation brings up the question if there are problems originating from DVCs 
in the Nationalpark Eifel. In order to answer that question it first has to be clarified to whom 
DVCs actually pose a problem. From the example of the Nationalpark Eifel three groups can 
be identified which are affected either by DVCs directly, or indirectly by the application of 
measures to avoid DVCs. 
 
1. nature conservation, i.e. the park authority 
2. tourism 
3. local residents 
 
In the following I am going to refer to these three groups as stakeholders. In my eyes this is 
justified as all of them are affected by road crashes, but have different positions when it 
comes to the search for appropriate measures. Thus conflicts can emerge when preventive 
measures to avoid DVCs are taken.  
 
The expectations of nature conservation are clear. National parks should protect local species 
in the best possible way. They should offer refuges and resting places especially for 
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endangered species, where their population is able to stabilize and, on the long run, 
hopefully can recover. This should help to prevent the local extinction of species. Moreover 
national parks offer the opportunity to reintroduce plants and animals that once inhabited the 
region but which have been extinct due to human activities. In that way they might be able 
to disperse again in the region. Not less important is the fact that national parks can act as 
safe resting places for migrating animals, especially birds. Human activities in the national 
parks that have a potential to disturb or harm species should therefore be excluded. Beside 
the recovery of the species’ populations nature conservation hopes that the excellent 
opportunities to observe species in their natural habitats will lead to new knowledge and 
understanding that can be used at different places for the protection of these species.  
 
The second group of stakeholders are the tourists. They see national parks as a chance to 
experience nature in its “pure” and natural form. With some luck they hope to perhaps spot a 
rare bird, a rare plant or a rare carnivore. Experiencing nature and relaxing from the hectic 
and stress in their daily life are usually central motives for tourists coming to the national 
parks [Hörnsten and Fredman 2002]. They find it by walking through the park or during 
longer hiking trips. Another group of tourists are open-air sportsmen. They would like to use 
the opportunities offered in the “outback”. Besides hiking they like mountain biking, 
paragliding, cross-country skiing, horseback-riding, rock-climbing or canoeing. It is especially 
this group of tourists that comes into conflicts with nature conservation. Generally it can be 
said that the potential for conflicts is strongly dependant on the number of tourists visiting 
the park, their frequency and behaviour.  
 
The third group of stakeholders named above are local residents. In many areas where 
national parks are founded humans often have resided for many generations. Contrary to the 
other two groups of stakeholders, they perceive a national park on their territory at first not 
as something positive, but rather as a threat. This is understandable as most national park 
directives curtail rights of the residents on that territory. That includes among others 
restrictions on access, game- and fishing, camping, collecting berries, herbs or wood, and 
leisure activities. Furthermore the national park status and the ban of any construction 
activity on the national parks’ territories that often goes along with it exclude opportunities to 
secure or even to raise the income of the region’s residents through industrial projects. 
Looking for alternatives, especially by promoting and utilizing the tourism attracted by the 
national parks, however can counterbalance that. As regions where national parks are 
installed are commonly regions of low income and structurally developed under the average 
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of the countries concerned, promoting tourism almost is of existential interest of the local 
residents.  
 
1.6 Outline of the thesis 
The main aim of this thesis is to identify the underlying principle of deer vehicle crashes. That 
should be done on the basis of an analysis of road accidents in the national park Eifel, and on 
the basis of an intense literature review. The principles should help to develop guidelines and 
strategies to tackle the problem of DVCs in areas where this is required. The focus will be set 
on national parks, as they have stronger ecological motivations to do something about the 
problems than other regions. Thus they might have to choose different strategies to reduce 
DVCs. 
 
CHAPTER 2: This chapter forms the platform of the thesis. At first it introduces the 
Nationalpark Eifel. The introduction should help to get a picture of what the region looks like, 
and what expectations there are to the new national park. Through the description it should 
become clearer, where the main problem areas lie. The introduction is followed by a detailed 
data analysis of road accidents on the national parks territory. Based on forestry reports, 
police reports and interviews, the question should be answered whether road accidents are 
an existing problem in the park, and if they are likely to become a problem in the future. In 
order to achieve that goals the analysis tries to identify the number of accidents that have 
happened on the national parks territory over a period of 7 years, attempts to highlight the 
distribution of species involved in those accidents, and also endeavours to spot temporal 
variations among the DVCs. Knowing these is important not only to choose the correct 
measures to tackle road accidents on the territory of the Nationalpark Eifel (in the case they 
are a problem). Instead by recognizing certain patterns, the results from this national park 
support the results of the literature review carried out in the next chapter to discover 
principles that stand behind DVCs. 
 
CHAPTER 3: This chapter is following the analysis of the accident data of the Nationalpark 
Eifel. The results of the data analysis show, whether problems are occurring, where they are 
occurring and when, but they cannot explain WHY they are taking place. An intense literature 
review should aid to give answers. The following questions are raised: Under which 
conditions (e.g. temporal, local, climatic, etc.) are accidents likely to happen? Who is 
responsible for these accidents, and to what degree?  
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   In order to find answers it is reasonable to have a closer look at the two groups that are 
directly involved in deer-vehicle crashes. They are the animals and the drivers. From an 
upper perspective, no deer vehicle crash is unavoidable. It has been either the animal, which 
has been misinterpreting a dangerous situation, or it has been the driver’s inadequate 
behaviour that has lead to the incident. If DVCs should be avoided in the future, some basic 
issues have to be understood in more detail. 
 
CHAPTER 3.1: The first part deals with the biology of the animal species. As it would 
exceed the frame of this thesis to describe all animal species that have ever been killed on 
the roads, I restrict the depiction to three species: red deer, roe deer and wild boars. Looking 
at different aspects of deer vehicle crashes made the choice. Roe deer is a species, which 
shows the highest proportion among species that have been involved in road accidents. In 
Germany 70 percent of all recorded accidents involving game is falling back to roe deer [Der 
Spiegel 1997]. Furthermore roe deer like red deer and wild boar are found in large parts of 
Europe, which makes the analysis of their behaviour interesting to a wide audience. 
Additionally red deer is interesting for two other reasons. At first it is a species of concern as 
its population is relatively small, though being outstretched. Secondly red deer has the 
potential to cause massive damage when hit by a vehicle due to its size, weight and body 
shape. I have taken that species in because it causes the highest safety concerns. This 
chapter wants to understand the animals’ life cycle, i.e. diurnal activities, feeding behaviour 
and how susceptible they react to human pressures and disturbances. 
 
 CHAPTER 3.2: The second part of chapter three analyses the human behaviour in the 
traffic. Two concepts are addressed. It has been recognized that human perception of the 
roadside environment plays a vital role for choosing the appropriate measures in order to 
minimize DVC numbers. It has also been shown that the community of drivers can be split in 
different groups according to the potential risk they carry of becoming involved in DVCs. By 
knowing these groups and their characteristics it is possible to address them more directly. 
The more specifically the measures chosen are referring to individual groups; the bigger is 
usually the success of the measures. 
 
CHAPTER 4: As deer vehicle crashes are an objective of concern around the globe, 
measures have been brought forward to tackle that problem. Examples are roadside fencing, 
reflectors or scent fences. The approaches that have been used differ significantly in their 
character. This chapter is going to introduce the most common measures, and also carries 
 - 10 - 
                                                                      1 .  I n t r oduc t i o n  
 
out an evaluation about their effectiveness. Choosing the most effective measures and 
avoiding those, which are entirely ineffective saves time, nerves and money. 
 
CHAPTER 5: In the last chapter the findings of the previous ones are discussed. The debate 
will not only include technical aspects of prevention measures of DVCs, but also contain social 
and ethical perspectives. The focus will be laid upon national parks, as they have the special 
obligation to put emphasis on the biological and thus ethical dimension of DVCs. Deer vehicle 
crashes are embedded in a wider discussion about the sense and the consequences of a road 
network running through the parks, also involving other issues such as potential disturbances 
to animals, habitat degradation and fragmentation. The aim is to develop a strategic plan to 
find satisfying solutions to the three groups of stakeholders, which are nature conservation, 
tourism and local interests. 
 
 
1.7 Methodology 
The first part of the thesis, the introduction to the Nationalpark Eifel, is chiefly based on a 
review of newspaper articles, working reports produced for various purposes before the 
opening of the national park, and personal assessments of the situation which I have 
developed by talking with members of the national park administration. As most authors that 
have been contributing to the working reports are experts in their fields just like the national 
park administration, I assume that their expertise can be trusted. Nevertheless I am aware 
that some of their statements might be tainted with a certain prejudice, as all of the authors 
and of course the national park administration are in favour of the national park idea. The 
chapter about tourism in the park is mainly based on two reports by the Eifel Tourismus 
GmbH, a local association promoting tourism. As they have long-term experiences in their 
field, I presume that their explanations and expectations are relatively realistic.  
   The data analysis about the deer vehicle crashes on the national park’s territory is based 
on forestry reports, police reports and interviews with local foresters and policemen. 
Although the data obtained from those sources is likely to be incomplete (see chapter 2.2.2 
Limitations), it can be seen as the best and therefore reasonable basis for an evaluation of 
the problematic of DVC in the park.  
 
The information about the biology of roe deer, red deer, wild boar and moose comes from a 
mix of journal articles, books and websites. Books and journal articles can be seen as reliable 
sources. However one has to be very carefully when applying information from the internet. 
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In this case, all internet sources are falling back to German national hunting societies. They 
are a strong lobby group for hunters, and see themselves as nature conservation 
associations. On their homepages they have been presenting profiles about the biology of 
common game animals in Germany. I believe those profiles to be correct as I can not 
recognize any reasons to discolour them by ideological motivations. Instead those societies 
can bring in plenty of experiences as they have existed for many decades (e.g. the German 
hunting-protection association (own translation of Deutscher Jagdschutzverband) was 
founded in 1875).  
   Research on human driving behaviour and perception as well as on measures to prevent 
DVCs is almost entirely based on journal articles and book sources. In order to back up the 
readings I have been contacting several national parks in Germany to learn about their 
experiences with safety measures. Those have been flowing into the evaluation of the 
effectiveness of the individual measures that I have been introducing.  
   Additionally I have used a variety of other sources. The statistical figures are derived from 
official bodies such as the European Union or the German Federal Department for Statistics 
(own translation of Sta istisches Bundesamt). In order to clarify a few questions about red 
deer in Germany I have contacted the red deer AG (orig. Rotwild AG), a society that 
promotes the conservation of red deer. Furthermore I have used some information from the 
German Automobile Association (orig. Allgemeiner Deutscher Automobil-Club (ADAC)), a 
strong lobby group promoting the use of vehicles. That association is well known in Germany, 
and has a wide basis of members. As all members receive a monthly magazine covering a 
variety of topics, the ideas of that association are widely spread. I see them as a mirror of 
the public opinions. That does not mean that their ideas have to be correct. 
 
Summarizing can be said that I have used a large variety of different sources for the thesis 
ranging from interviews over internet pages to books and journals. I am aware that the 
credibility of the sources may vary, so I am very careful when using information from them in 
the thesis. 
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2. The case study: Nationalpark Eifel (Germany) 
 
The first part of the thesis is an analysis of the deer-vehicle crashes (DVCs) in the German 
Nationalpark Eifel. It is the first study of its kind in that area. The background to this study is 
the concern of the national park administration that problems might originate in the future if 
two of their main strategies – the promotion of tourism and the stop of hunting of red deer in 
the centre core of the national park – are set forth. This case study therefore has the main 
task to clarify to which degree deer vehicle crashes are already a problem on the parks’ 
territory. Possible problem areas are drivers’ safety and impacts on local animal populations. 
The results can be used to predict the future situation in the park. Moreover, they also should 
give very valuable inputs to the discussion about adequate road management in national 
parks, which is lead later in this thesis. 
 
This chapter is structured in the following way. The first part is a brief overview over the 
most important features of the Nationalpark Eifel. The history of the park, population 
densities and distributions in and around the park, local economy and tourism, the national 
park’s nature and road network are introduced. The aim of this introduction is to indicate the 
problem areas that the national park is facing. The focus is set on the possible negative 
impacts of the road network. The second part describes the data analysis. Forestry reports 
and police reports are used to identify the magnitude of deer vehicle crashes on the national 
park’s territory. Number of accidents, animal species involved, place and time of the 
accidents, economical damage, injury risk and driver characteristics are important objectives 
covered by this analysis. The results are discussed at the end of this chapter, comprising a 
picture of the current situation and a prospect of future problems.  
 
2.1 Introduction to the Nationalpark Eifel
 
2.1.1 History 
The Eifel is a geographical region in the west of Germany, close to the Belgium and the 
Dutch border (fig. 2.1). It is located near the big German cities Cologne, Bonn and Aachen. 
The National Park itself is located in the North of the Eifel region. The idea of having a 
National Park there is not new. As early as 1952, first plans have been made but never been 
translated into action [Staatliches Forstamt Schleiden 2003]. One reason was the Belgium 
army, which was using a wide area for military practices. In 1997 the forestry complex 
Kermeter (fig. 2.2) was announced to be a nature reserve. When the Belgium army decided 
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to hand its military area back to the German 
government in 2005, the idea of having a 
National Park there was brought forward 
again in 2001. Time was running short, as 
other groups but the Nature 
conservationists also claimed their interest 
in the area. The park idea was first 
presented to the public by the Ministry of 
Environment in Nordrhein-Westfalen (short 
NRW, the German state in which the 
national park is placed) in spring 2002. It was decided to open the Park in the Northern Part 
and the Southern Part already on the first of January 2004, and adding the central part still 
hold by the Belgium army in 2005 when the army is leaving (fig. 2.3). Once the military 
practice area is handed over, the National Park will cover an area of roughly 11.000 ha. 
Fig. 2.1 Location of the geographical region Eifel 
(green in the picture) [source Internet] 
 
Figures 2.2 and 2.3 are also illustrating two of the main problems that went along with the 
installation of the Park. At first there was very little time for the planning stage. Within less 
than two years, a National Park decree had to be found and an administrative organ to be 
announced. Those two years also had to be enough to convince the locals of the national 
park idea. The other big problem is the lack of convenient space. Figure 1.4 illustrates that 
the Park is surrounded by 
numerous villages and small 
towns. One of the villages is 
even placed within the Park. 
Together with the difficulties of 
buying the small privately 
owned land-parcels, the result 
was a very inconvenient shape: 
long-stretched and very thin, 
with one part in the north even 
being disconnected from the 
main body. By choosing this 
area for a national park it was 
impossible to prevent that 
some public roads became 
Hetzinger 
Wald
Kermeter
military 
practise 
Dedenborner 
Forst
BELGIUM 
kilometre 
Fig. 2.2Nationalpark Eifel area [source Internet] 
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integrated into the park’s territory. 
 
2.1.2 Population
The Nationalpark Eifel is placed on the territory of the three districts Aachen (Land), 
Euskirchen and Düren. Population densities in those three districts ranging from 153 to 564 
inhabitants per km2, the later a very high number indeed (see figure 2.4a). 
 
 
 
 
 No. of residents
Monschau 13,000
Simmerath 15,500
Nideggen 10,800
Heimbach 4,700
Kall 11,900
Hürtgenwald 8,900
Schleiden 14,000
Hellenthal 8,700
  
Area 
(km2) 
 
Population
Population 
density 
(inhabitants
/km2) 
Aachen 547 309,000 564
Düren 941 272,500 289
Euskirchen 1249 191,600 153
Fig. 2.4 (a) Area size, population and population density of the three districts in which the National Park Eifel lies; 
(b) number of residents in some selected municipalities around the national park [source LDB NRW] 
1997 2001 2002 2004 2005 
The forestry called „Kermeter“ 
is announced to be nature 
reserve 
The Belgium Army decided to hand 
its military practice area over to the 
German Government 
The plan to make the area a 
National Park was presented 
to the public 
01.01.2004 The National Park decree 
becomes valid for the northern part 
(Kermeter and Hetzingerwald) and for 
the southern part (Dedenborner Forst) 
The Belgium Army is leaving; 
the National Park decree 
becomes valid for the central 
part 
Fig. 2.3 Timetable of the Nationalpark Eifel development process  
Of course residents are not evenly distributed over their districts. Many of them live in the 
biggest towns of their districts – e.g. in Düren (91,000 inhabitants [Stadt Düren 2004]), in 
Euskirchen (54,000 inhabitants [Stadt Euskirchen 2004]) – so the population densities are 
lower in the area of the national park, which is a rural area. Nevertheless municipalities just 
around the park offer homes for circa 100,000 people (see fig. 2.4b). Therefore one can truly 
speak of a park placed in a densely populated area. Correspondingly to the large resident 
number, people put high demands in a highly developed infrastructure. 
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2.1.3 Road network 
Several major and minor public roads are running through the Nationalpark Eifel or are 
forming its outer boundary. They are shown on figure 7.1 in the appendix1. Their size is 
indicated by the names given to them. Major roads running over great distances are 
indicated by the initial “B”. One category smaller are roads indicated by an initial “L”. The 
smallest road type existing in the park is very narrow country roads. Only one of them, K26, 
is currently open to public access. The following roads are of concern as they lie within the 
national park’s territory: 
 
Major roads   B258, B265 and B266 
Smaller country roads L218, L246, L249, L15, L207and L245  
                                                
Small country roads K26 
 
It can be seen that the roads are found in nearly every part of the park. The small northern 
part (“Hetzinger Wald”) disconnected from the main body is cut by the L218 and the L246. 
Little more to the South, the densely forested “Kermeter” holds a dense road network, 
including the B265, L249, L15 and K26. Additionally the park is cut in the middle by the 
B266. Even the southern part does not remain unaffected. Instead, the B258 is found there. 
The road network is supplemented by the L207 and L245 which run along the national park’s 
boundaries. The sole number of roads already suggests that there might be a potential for 
conflicts in the park. 
But the number of roads alone is not meaningful. It requires also the knowledge of the 
traffic density of those roads in order to evaluate the magnitude of a potential DVC problem. 
The road agency of the county Euskirchen has tried to appraise the traffic load on their road 
network in 2000 by counting the number of cars passing by specific counting places over a 
period of time. They produced a map showing the number of cars running on the roads over 
a period of 24 hours. That number represents the annual mean. Their findings are presented 
in fig. 7.2 in the Appendix with relevance to the park. The most important features are 
summarized in figure 2.5. 
The table has to be read in the following way. The original map was showing the road 
network of the Euskirchen district using colours for the different traffic frequencies. Those 
were given in form of ranges (e.g. roads were coloured bright green for a traffic load of  
 
1 NOTE: The maps in the appendix still presents a pre-layout of the national park’s territory. Meanwhile the 
parks boundaries have been extended. Unfortunately it was not possible to get hold of a new map, but the old 
one still displays the most important feature in connection to roads. 
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1001-1500 vehicles per day). Additionally 
the precise car numbers were given at 
the points where the traffic load was 
measured. Thus the traffic load along a 
road segment was estimated by the 
interpolation of the values of two 
measurement points. The numbers in 
figure 2.5 are therefore only rough 
estimations. Sometimes the map 
producers have preferred not to give 
estimations about the road traffic in 
cases where the uncertainty was to too 
high. As I have no knowledge about the 
counting methods – when the counting 
has been carried out (e.g. time of the 
year; weekday), how long it has been 
carried out (was it only a few hours, or a 
few days, or even a few weeks), how 
reliable the counting method used was 
etc. - great care has to be taken when 
using these numbers. It is important to 
notice that the values are annual means. 
Thus a figure of 4000 vehicles per day does not mean that every day 4000 vehicles are 
found on that road. During the summer time when tourists are visiting that area the vehicle 
numbers are probably elevated, and in return they are lower during the winter time. But that 
is only speculation.  
R O A D  S E C T I O N  Veh./Day
Gemünd – L249 ~ 4000 
B265 
L249 – Düttling ~ 2400
B266 Herhahn- Einruhr ~ 3500 
B258  2500 - 2900 
L218 Heimbach - Schmidt ~ 2500 
L15  K7 – L218 ~ 2200 
L249 – K7 n.a.  
L249 B265 – L15 ~ 1700 
L15 – Heimbach n.a.  
L207 B258 – K66 ~ 1600 
K66 – B266 n.a.  
L245  n.a. 
L246  n.a. 
K26  n.a. 
Vehicles / Day 
> 4000 
3000 – 4000 
2000 – 3000 
1000 – 2000 
no data available 
Fig. 2.5 Traffic density on roads running through the 
Nationalpark Eifel; 1500 veh./day ≈ 1 veh./minute 
 
The traffic density is varying notably among the roads running through the national park or 
along its boundaries. The highest numbers with 4000 vehicles per day or more are found on 
the B265 towards Wolfgarten and on the L246 in the northern corner of the Nationalpark 
Eifel. The lowest traffic volume was recorded on the L249 and L207. There only about 1600 
and 1700 vehicles have been using those roads on a daily scale. All other roads have values 
between those extremes or are not recorded at all. Although there is a notable difference 
between the traffic volume of the roads in the park, their traffic load is still relatively small 
compared to other country roads and cross country roads. Major traffic routes in the 
Euskirchen district carry a far heavier traffic load of easily up to 12,000 vehicles per day.  
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Although the traffic volume is relatively small seen on a wider scale, there is no part of the 
road network within the national park where it can be neglected. It is crucial to see that 
even though mathematically 4000 cars per day equals to about 3 cars per minute, it does 
not mean that every minute three cars are passing by a measurement point. Indeed the 
diurnal distribution of traffic is very heterogeneous. I don’t have numbers to prove that 
assumption, but it is very likely that the traffic peaks around the rush hours when the 
commuters are driving to work or back home. Those peaks will probably range from 6.30am 
– 8am and from 5pm to 7pm. But that would be subject to further investigation. In most 
countries, the traffic volume will be lowest during the night time hours, with maybe only a 
handful of cars using the roads per hour. Regrettably it was not possible for me to 
distinguish between the traffic flow of commuters, locals and tourists. The Eifel region is 
structurally rather weak, with many people working in the larger surrounding towns such as 
Euskirchen, Aachen, and even Cologne or Bonn. As the public transport system is also not 
extensively developed locals rely on their cars to get to work – something that is very 
common in rural areas in Germany. 
 
Summarizing can be said that the existing road network in and around the Nationalpark Eifel 
at least has the potential to create problems between the stakeholders locals, tourists and 
nature conservation. The road network is very dense, and affecting all parts of the park. 
Although traffic densities are rather moderate they can not be neglected. The existing road 
network including a variety of car parks along these roads provide tourists easy access 
opportunities to enter the park. Further investigations should clarify to which proportions 
locals and non-locals are using the road network, and also identify black spots (daily peak 
times, seasonal variations) at which the traffic load is highest. 
 
2.1.4 Nature 
 
2.1.4.1 Flora 
The plant cover on the National Park territory is very heterogeneous. In “Hetzinger Wald”, 
the northern wooden island disconnected from the main body, oak trees are predominantly 
found together with patches of coniferous forest. The occurrence of oak trees is not natural 
but culturally caused as its wood was used particularly in tanneries [Schöller in NUA 2002]. 
Like all other tree species in the park, oak trees are not growing naturally there but have 
been planted to utilize its timber. Historical documents prove that by around 1810 the hills 
still had nothing to show but bare slopes [Schöller in NUA 2002].  
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   The “Kermeter” is densely forested, too. 
Apart from oak trees and spruce trees, pines, 
larches and especially beeches are also 
growing there (fig. 2.6). Although all tree 
species have been planted by humans in the 
last century, only beeches are really welcomed 
nowadays. All others are more or less 
accepted. The reason is relatively simple. At a 
time when Europe was still covered with vast 
woodlands, the Eifel was covered 
predominantly with beech forests. Thus 
reintroducing the “original vegetation” was one of the objectives to justify the installation of 
the National Park Eifel. The aim is to replant as many beeches as possible. In the first stage 
of the national parks management plan this replanting is done actively. Only in the second 
stage most parts of the forests are left to themselves. Replanting beech trees also includes 
some reduction of other tree kinds. The target here are mainly spruces, which are considered 
to have little chances to regenerate anyway as they are entirely alien in that area.  
24%
28%4%
30%
8% 6%
oak beech o.d.t. spruce larch/pine o.c.t.
o.d.t. = other deciduous trees; 
o.c.t. = other coniferous trees 
 
Fig. 2.6 areal distribution of tree populations in 
the Kermeter [NUA 2002]; 
    
 
The change of vegetation must be regarded as a change of the ecosystems in at least parts 
of the park. Inevitably that change will be accompanied by a change of the Fauna. The 
objective of the national park authority is to manage that restructuring process actively for 
the next 30 years. Afterwards the nature is left to itself. The development of deer-vehicle 
crashes over that time should therefore be monitored, as their number and nature are likely 
to be altered due to the changes in the ecosystems.  
 
2.1.4.2 Fauna 
Several animals living in the Eifel region are listed on the European Habitat Directive (its 
formal name is COUNCIL DIRECTIVE 92/43/EEC), such as the beaver (Casto  fiber), pond bat 
(Myotis dasycneme), greater mouse-eared bat (Myotis myotis), common frog (Rana 
temporaria) or the bullhead (Co ius gobio), just to name a few. Those species consequently 
should be given a top conservation status in the park according to the national park’s decree. 
Birds that require particular protection are listed in their own directive, the commonly called 
bird directive (79/409/EEC). The national park’s decree names eagle owl (Bubo bubo), honey 
buzzard (Pernis apivorus), black kite (Milvus migrans), red kite (Milvus milvus), black 
woodpecker (Dryocopus martius), grey-headed woodpecker (Picus canus), middle spotted 
woodpecker (Picoides medius), red-backed shrike (Lanius collurio) and common kingfisher 
r
tt
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(Alcedo atthis) as bird species that are living on the Eifel Nationalpark’s area and that have a 
special conservation status. Another group of interesting animals are deer. Although not 
listed in any form, deer species such as red deer, roe deer, mouflons and wild boar are 
important animals in the Park, contributing to rich flora and fauna. This importance has been 
underlined in a seminar report about the future Nationalpark Eifel written in 2002 [NUA 
2002]. There a whole chapter has been spent on the deer issue, with focus on red deer.  
 
Red deer is given a particular importance for several reasons. At first red deer is seen as 
central Europe’s largest animal sensitive to disturbance which makes them an excellent 
indicator species for the consideration of the needs of wild animals, such as the wild cat [NUA 
2002, LÖBF 2004]. Monitoring the responses of large animals such as red deer to human 
disturbances is easier than monitoring the responses of small animals. Among other factors 
the disturbance degree is predominantly determined by the distance at which the deer (or 
any other animal) perceives as an approaching predator as a threat [Frid and Dill 2002]. 
Disturbances at first result in an increased cautiousness and end up in the flight of the animal 
if the “predator” comes so close that it enters what the deer perceives as its safety zone. 
Disturbances are undesired because they lead to a loss of energy in the animal of concern. 
That energy is required to master critical situations such as hatching of the new born or 
surviving in cold winters. It should be noted that not only fleeing is responsible for such a 
loss of energy. During the time of increased cautiousness the animal has to stop the activity 
that it has been carrying out. For example a grazing deer will raise its head frequently when 
alerted by a possible danger. Permanent interruptions lead to a decreased food uptake, 
which again is a form of net energy loss [Frid and Dill 2002]. But why are we choosing red 
deer as indicator species? The causal chain of disturbance resulting in a net energy loss is 
likely to be true for almost all animal species. But the difference among the species lies within 
the distance at which an approaching “predator” is perceived as a disturbance. Large animals 
like red deer see the danger coming earlier than small animals that live for example on the 
ground. Once one has identified the safety distance at which red deer feels undisturbed one 
can assume that all other animals living in the same habitat as red deer feel undisturbed too. 
Red deer are therefore excellent indicator species to develop a management plan that suites 
the interests of both tourism and nature conservation by optimizing the layout of tracks and 
paths for visitors.  
   The second reason for deer species to play a particular role in the concept of the 
Nationalpark Eifel is the conviction of the environmental agency of Nordrhein-Westfalen that 
large herbivores have a distinct landscape shaping character [LÖBF in NUA 2002]. This 
“mega-herbivores theory” believes that a closed cover of woodlands over Europe after the 
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last Ice Age 10,000 years ago only occurred due to the elimination of large herbivore species 
such as aurochses and bisons. This theory is yet based on speculation rather than facts. The 
Nationalpark Eifel is supposed to be the first of its kind to test that theory. For that reason a 
mix of the three great feeder types, namely concentrate selectors (roe deer), intermediate 
feeders  (red deer and wild boar) as well as raw-food grazing deer (mouflons, but particularly 
aurochses) should be given habitats in the Eifel. As roe deer, red deer and mouflons are 
already living in the park the main task regarding those three species is to stabilize their 
populations. Mouflons and roe deer don’t need special treatments or regulations as they find 
almost optimal living conditions in the park. Red deer however being a species very sensitive 
to human disturbances need require human support in form of suitable management plans. 
They can’t retreat to other habitats if the human pressure is increasing due to a lack of 
convenient ones and also due to a lack of wildlife corridors [Wotschikowsky and Simon 
2004].  
   The third reason is more business oriented. An increased red deer population inevitably will 
become more “visible” to the tourists. In order to attract more tourists to visit the 
Nationalpark Eifel the idea is to give them a guaranty to spot wild animals during their stay. 
If possible hey should not return home disappointed because they have not seen one single 
large animal [Sell and Viebahn in NUA 2002]. Observation points should help the visitors. 
Currently an estimated number of 350 red deer live on the military practice area in the 
middle of the National Park.  
 
The analysis of deer accidents on the national park’s territory focuses on the accident with 
the large animal species. Those are in particular red deer, roe deer, wild boars and mouflons. 
The reason lies within the way the data analysis is carried out. This study is not based on the 
collection of empirical data, but rather uses secondary sources in from of forestry bag lists 
and police reports (further explanations follow in the chapter “Data analysis”). From an 
ecological point surely it would make more sense to focus on threatened animals. But in this 
national park all of them which could be potential victims of road kills (e.g. the common frog) 
simply are too small to be recorded on a daily routine, as they don’t cause damage to the 
vehicles when hit. Again this would require separate studies.  
 
2.1.5 Economy and tourism 
The Eifel region has always been rather poorly developed. Due to the decline of the original 
industry branches and the missing development of new industries the focus has been laid 
upon tourism. Prior to the National Park status, 650.000 overnight stays have been counted 
per year in the region which is now accounted to the Nationalpark Eifel region [Eifel 
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Tourismus GmbH 2003a]. That shows that the region has quite some experience with 
tourism. Most of the tourist development has taken place after 1945 and peaked in the 60s 
and 70s [Sell and Viebahn in NUA 2002], trying to provide a recreation area for the large 
conurbation centres along the rivers Rhine and Ruhr. This early development of tourism 
facilities has stalled somewhat in the recent past, which means that the facilities provided 
nowadays are not up to date. The visitors stay on average 2.8 nights in the surrounding 
municipalities [Eifel Tourismus GmbH 2003a]. The Eifel Tourismus GmbH believes that length 
of the stays has the potential to be increased by increasing the bed-capacity.  
   It is the great hope of most of the locals that the Nationalpark Eifel will attract more 
tourists into the region. The basic condition for this to happen is not bad. Looking at figure 
2.7. one will find that the Eifel region is within an easy reach of many European 
metropolises. Cologne, the Ruhr area, Eindhoven, Antwerp, Brussels and Luxembourg are all 
within a two hour drive. The national park status will help the Eifel to stand out of many 
similar recreational regions, as visitors usually seek the appeal of the exceptional. Even if 
that should not be the case a national park is always associated with wild, unspoiled nature. 
The relatively low numbers of national parks in Europe – there are only 14 in Germany – 
gives each of them a strong attraction bonus to tourists. The Nationalpark Eifel could 
F R A N C E L U X E M B O U R G 
G E R M A N Y 
N E T H E R L A N D 
B E L G I U M 
kilometre 
design : 
towns  
> 100,000 
inhabitants 
other towns 
Fig. 2.7 Travel distances (time) from the national park; the numbers along the isochrones stand for time 
(min).  [Eifel Tourismus GmbH 2003a] 
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profiteer from its central situation and a certain lack of competitors. After all it is the only 
national park in western Germany.  
   Even before the establishment of the national park the number of tourists has been 
estimated to be roughly 5 million per year [Eifel Tourismus GmbH 2003a]. The Eifel Tourism 
GmbH in this case refers to analyses saying that the day-trip tourism makes up between 6.8 
and 16.7 times of the overnight tourism in similar regions. On the basis of that value it must 
be assumed that the visitor numbers in the region, which are well known, are going to 
increase in the future. Especially in the initial phase after the establishment a strong increase 
is expected when the national park still has the appeal of the new. The attractiveness is 
supported by an outermost convenient long-distance infrastructure. Motorways which allow 
fast travelling bring the tourists into a 30 kilometre reach to both the North and the South. 
However a clear estimation about the future development of the visitor numbers can not be 
given at this time.  
 
To sum up one can say that  examples from many other national parks indicate that national 
parks are potential attraction points to tourists. Therefore it is very likely that the visitor 
numbers are going to rise in the Eifel in the future. However it is very difficult to estimate 
the degree at which the increase will take place. In contrast to other regions where the 
tourism sector was hardly developed before the park was installed, the Eifel region already 
has long term experiences in this field. Even before the installation of the park, overnight 
stay rates were relatively high.  
   Depending on the choice of travel, higher tourist numbers are likely to have an effect on 
DVC rates in the park. More people in more cars increase the likelihood that accidents 
happen. The degree to which that might take place will be clarified in the discussion of the 
data analysis. 
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2.2 Data Analysis 
The second part of my case study is an analysis of the deer vehicle crashes in the 
Nationalpark Eifel. It is the aim of the analysis to clarify, where, when and how many 
accidents have happened, and what animals have been involved. I anticipate that eventually 
I will be able to determine the magnitude of the deer vehicle crashes in the park, and to 
estimate to which degree they are a problem now or might become a problem in the future. 
Due to the dense road network, large areas which are covered by forests, high population 
density and also a reasonably developed tourism, I expect to find a rather large number of 
DVCs already. This chapter contains a brief theoretical part about the nature of accidents 
and ways they should be analysed. That chapter is followed by chapters on methodology, 
limitations and finally results. 
 
2.2.1 Theoretical approach to the analysis of road accidents 
If one want to understand the nature of accidents, according to Summala (1996) it is 
important to break them down to small pieces. Although he refers to road accidents in 
general it also includes deer vehicle crashes in my opinion. It is not sufficient for an analysis 
of accidents only to document their number on a certain road over a certain period of time, 
and to try to draw conclusions from that. The event of an accident should instead be split 
into e.g. road type, sight, weather condition, time of day, weekday, sex and age of the 
driver, etc when recorded [Summala 1996]. Only that reveals insights which might not have 
appeared without that split. The literature often compares the accident risk of different age 
groups of drivers (see e.g. Evans 1987 and 1992). According to Summala many of those 
comparisons neglect several factors. The analysis of the accident risk depending on the age 
structure should hold as an example. Young drivers at age of 18 to 25 are looking pretty bad 
in those statistics because the risk of getting involved into an accident is far greater for them 
than for other age groups. Besides lacking experience and a high degree of overestimation 
of their driving abilities, the reasons lie in the fact that they are still using the roads under 
unfavourable conditions at which other age groups would rather stay at home, e.g. in the 
darkness at night time. Consequently this is the time, when most of the severe accidents of 
this age group are happening. Older drivers are avoiding those impaired conditions, and 
therefore carry a considerably less accident risk [Summala 1996]. 
 
Another good reason for breaking down accidents for an analysis is the search for so-called 
black spots. Those are accumulations of accidents that happen either at a certain location at 
a certain time, under certain conditions or are caused by a certain group. The advantage of 
that method lies in fact that one does not have to understand the background of an 
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increased accident risk to the smallest detail to do something against it. Identifying black 
spots is very useful in order to concentrate on the fundamental measures of accident 
avoidance, and to use the available resources in the most effective way.  
 
The data analysis of deer vehicle crashes in the Nationalpark Eifel is trying to follow the 
principles proposed by Summala (1996). In order to recognize patterns among these 
accidents I attempt to break them down in pieces as small as possible. 
 
2.2.2 Methodology 
The task of this data analysis is to understand the nature and the magnitude of DVCs on the 
territory of the Nationalpark Eifel. For the examination of these issues I have raised the 
following questions: 
 
1. How many accidents happened on the territory of the future National Park 
in the past? 
2. What animals have been involved in those accidents? 
3. Where did those accidents happen? 
4. When did those accidents happen, on a seasonal and on a daily scale? 
5. How many people have been injured or killed in those accidents? 
6. Who caused those accidents, locals of people from outside? 
7. What was the economical damage? 
8. Have any preventive measures been used in the past on the area of the 
future National Park, and how successful have they been? 
 
The answer to the first question will indicate the magnitude of the accident issue. A high 
number would point out that DVCs are already a problem. In this case I would strongly 
recommend the use of preventive measures. If the figures are low then it might be useful 
not to act restrictively. The second question is trying to investigate the animal species 
involved in the accidents, and to quantify the magnitude of their involvement. Asking this 
question is important for two reasons. At first it is an indicator of the losses among a certain 
species. The values could be used to estimate the impact of road kills to the development of 
the specie’s population in the area. In extreme cases – of which I imagine that they are not 
going to happen here or in most other areas in Europe – road kills might lead to the local 
extinction of a species2. Animal conservation should have top priority in national parks, so 
                                                 
2 During my research I only came across one species – the Eurasian Otter (Lutra lutra)- of which local 
populations might be threatened due to road kills. That happens mainly when population sizes are rather small 
[Philcox et al. 1999]. 
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knowing the impact of road kills to the local populations is important to ensure the success 
of conservation strategies. Secondly knowing the species involved in those accidents can 
help to estimate the economical damage of local DVCs. It seems obvious that a hare hit by a 
car does not cause damage of a level a moose would. Size, body weight and physiology of 
the animals are important features for the degree of destruction. Usually the larger and 
heavier the animal, the more they damage the vehicles by which they are hit [Seiler 2004]. 
The amount of annual economical damages is also an indicator whether it is feasible to carry 
out preventive measures or not [Putman 1997]. In that context it should already be stated 
that not all animal species involved in road accidents are recorded; indeed it is not even a 
handful. This limitation will be explained in a later chapter.  
 
The third question is based on the first two. To find suitable management methods it is 
important to localize hot sports of accidents. If the magnitude of the DVCs indicates that 
they create a problem in the park, the use of preventive measures has to be considered. 
Instead of applying extensive measures it is often sufficient to improve things selectively. Of 
course the main centres of accidents will have to be known for this to work. The analysis of 
hot spots only makes sense if the raw data is large enough to give statistically valid results. 
The same holds for question four. According to the black spot theory of accidents [Summala 
1996] the circumstances under which the accidents happened should be analysed in more 
detail. Temporal variations might be important features. If one succeeds to identify temporal 
hot spots management methods can be refined and made more specific. That would 
increase the efficiency of those methods used and finally helps to save money and spare 
lives of the animals. The ultimate results would be links between local hotspots and temporal 
peaks. Maybe it is possible to show that the accidents at hot spot A all happen during the 
winter time, whereas the accidents will shift to place B in the summer time.  
 
Question five reallocates the focus forth to humans. There is always a danger that humans 
are injured or even killed in a DVC. All efforts should be undertaken to prevent humans from 
being harmed. In the case that deaths or injuries occur on an elevated level in the national 
park it would be urgent to react quickly. Question six is important to estimate the future 
development of DVCs. As been described in chapter 3.1.4 visitor numbers are likely to rise in 
the future. If a high percentage of the DVCs is caused by tourists and others from outside 
the numbers of DVCs are also likely to increase drastically. If however mostly locals are 
involved in DVCs, their number can be expected to remain at a similar level in the years to 
come. The choice of suitable management options is depending on the answer to that 
question, too. People who are unfamiliar to landscape, road design and road layout are more 
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likely to respond to warning signs than locals who have travelled a certain road twice a day 
for the past 20 years. 
 
The question concerning the economical damage caused by DVCs can not easily be 
answered. But it is legitimate to ask that question as it can act as a control variable to the 
management measures that might be undertaken based on this report. If the financial input 
exceeds the economical damage caused by those accidents the use of the method suggested 
should be questioned and examined. Great care will have to be taken when using the terms 
economical damage and financial gain through management options. Economical damage in 
my eyes does not only include the damage that is caused to the vehicles, but also the costs 
for the health system to heal the injuries and the costs that originate from the loss of 
working hours at the time the patient has to stay in hospital or at home. On the other hand 
some environmental and ecological aims such as the protection and conservation of rare 
species sometimes can not be evaluated on an economical level.  
   The last question refers to experiences that have been made in the area previously to the 
analyses of this thesis. The experiences could flow directly into decision-making process of 
choosing appropriate management options. I am trying to involve two different aspects here. 
At first I would like to figure out prevention measures that have been used in the past with 
the aim to reduce the number of DVCs. I call them active measures. The second focus will 
be laid on passive measures. Those are things that have been carried out in the past with 
aims others than reducing DVCs, but which nevertheless had influenced either the animals’ 
or the drivers’ behaviour. Example are roadside fences which have been installed for reasons 
others than preventing deer from running onto the roads, but which do it nevertheless. 
These methods should not only be mentioned, but also be evaluated. On the one hand I will 
do that myself by relating accident hot spots to those measures. I also asked local foresters 
about their experiences. 
 
During the research period it turned out that the available data was not suitable to answer 
all of the questions. Sometimes no answer can be given. Other times the answers are rather 
vague and not as precise as I wished they would have been. I will refer back to those things 
in the chapter “limitations” and “results”. 
The time period covered lasted from the 01. January 1997 till the 31. December 2003. There 
are two main sources of information: forestry and police. Both are pursuing different 
purposes and are therefore only compatible to a limited degree. If a car driver becomes 
involved into an accident he will have to prove to his assurance company that he really hit an 
animal in order to get his compensation. He has two choices. Either he calls the police that 
 - 27 -
   2 .  Ca se  s t udy :  Na t i o na l pa r k  E i f e l  (Ge rmany )                                    
record his case, or he calls the local forester who can do the same. The next chapters are 
going to introduce the purposes of both police and forestry recordings and the way I have 
used them.  
 
2.2.2.1 Analysis of forestry data 
The first source that I have analysed is forestry data. Local foresters are most important 
suppliers of information. They are called when car drivers become involved in collisions with 
animals, and if they therefore want to claim money from their insurance company. In the 
case that the police is called to the place of accident instead of the local forester, the latter 
are still responsible for the disposal of the animal corpses.  
   The main part of the investigation was an examination of so-called “bag lists” (own 
translation of “Streckenmeldungen”). The National Park consists of different forestry and 
hunting areas. Each of them is responsible for the regulation of games. Hunting is an 
appropriate way to keep the hunting game populations on a certain level. All animals shot 
have to be recorded by the local forester responsible for his district. He is also required to 
write down all animals that he has found dead, because they also count as “killed animal”. In 
our case even more important, the foresters are also responsible for taking note of any road 
accidents in their forest area. All the notes are collected and handed over to the higher 
forestry department on an annual basis. There they are stored. 
   Bag lists are recorded on a yearly basis. However they are following their own definition of 
a year, the so-called hunting year. A hunting year starts at the first of April and ends at the 
31. of March. Two forestry departments are holding the essential bag lists for the national 
park region: the “Nationalparksforstamt Eifel”3 and the “Forstamt Hürtgenwald”4. 
 
The bag lists vary in form and layout between the different forestry departments. Some 
parts however are identical in all of them. That includes the name of the hunter, the kind, 
sex and age of the animal, the date of hunting and the status of animal (e.g. hunted, found 
dead, killed in an accident). Bag lists from the Nationalparksforstamt Eifel also name the sub-
district in which the animal was shot or found dead. Each of the local forestry districts is 
divided into such sub-districts. They are relatively small, often only of a size of 6 - 25 ha. The 
shapes are very asymmetric. Because of the small sub-district size, the road segment lengths 
in those sub-districts are relatively small too. That means that by driving on a road it hardly 
takes more than a few hundred metres from entering a sub-district to the point of exit. Thus 
                                                 
3 Nationalparkforstamt Eifel, Urftseestrasse 34, D-53937 Schleiden, Germany 
4 Forstamt Hürtgenwald, Kirchstraße 2, D-52393 Hürtgenwald, Germany 
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sub-districts in combination with car accidents already give a rough indication about where 
the accident has happened. 
 
The difference in availability of data from the bag lists of the different forestry departments 
reduced the analysis to just a few distinct features which have been common in all bag lists, 
in order to maintain the comparability of the data. I have recorded the following features 
from the bag lists: 
 
 1. animal (species, sex and age) 
 2. date of the accident 
 3. district/sub-district where the animal was found 
 4. name of the local forestry that carried out the recording 
 5. name of the forester/hunter who has found the animal 
 6. particular characteristics 
 
Animal characteristics, the date of the accident and the places where the animals were found 
should help to work out patterns among the accidents. The name of the local forestry and 
the forester that has recorded those accidents gave me a good indication who I could 
contact if some issues of the accidents remained unclear. In many cases the bag lists 
contained a short characteristic of the dead animal (e.g. “motorbike accident” or “traffic 
accident, unusable as it has long been dead”). When I interviewed the local foresters about 
the accident places (see next chapter), I used those characteristics as memory support.  
 
Interviews 
In order to learn more details about the place where the animals were found, local foresters5 
who have their forestry territory next to the main roads were interviewed afterwards. The 
interviews were used not only to clarify the positions of the road accidents, but also to utilise 
the memory of the foresters about things which are relevant to the research question but 
which were not written down, because there was no need to do it at the time. Some of the 
foresters have been in charge for their territory for many years, and so have a rich and long-
lasting experience at their disposal. Besides a more general discussion the interview included 
the following questions: 
 
- Has there been an analysis of DVCs before? 
- Do you have additional data to bag lists from the forestry departments? 
                                                 
5 A list with the names and adresses of the foresters is found in the Appendix. 
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- What are the conditions that DVCs are filed? 
- Have there been measures in the past in order to reduce DVCs, and if so to 
which degree have they been successful? 
- What do you know about human injuries and kills in those accidents? 
- Who are involved in DVCs, locals or people from outside? 
 
2.2.2.2 Analysis of the police data 
In addition to forestry data police data6 has also been analysed. Accidents are reported 
either to the local forester or directly to the police. If the local forester is contacted there is 
no need for the police to come and to take reports. The forester will take the recording for 
the insurance companies and carry out the disposal of the animals’ corpses. If the driver 
decides to call the police, they will also record the accident. If the animal is injured or dead 
the police themselves will also contact the forester to dispose the corpse. Thus same 
accidents will also appear on the foresters’ bag lists. But not in all cases animals are killed in 
the accident. Sometimes the animals are only hit lightly, and are able to leave the accident 
location. Especially wild boars are known to be extremely robust. Even if the police contacts 
the forester, animals will not be added to the bag lists unless they are found. Thus it is 
important to analyse police recordings too. Luckily the police keep their recordings for 10 
years. 
 
The content of the police recordings that is relevant for this analysis is restricted to the kind 
of animal species, the date of the accident and the location. As policemen are usually no 
experts in terms of deer, and as it is not relevant for the insurance companies, no 
differentiations between age and sex of the species are carried out. The way the police 
records the accident location however is much more accurate than the way foresters do. 
Therefore no interviews were required. The next chapter is going to present the limitations 
that the data analysis is facing. 
 
 
2.2.3 Limitations 
The data is obtained from recordings that also followed purposes other than a scientific 
analysis of deer vehicle crashes. I had no influence on the ways the data has been recorded. 
Unfortunately the smallest time unit is one day on both foresters’ as well as police 
recordings. That means that no conclusion can be drawn about the diurnal hotspots of DVCs. 
The evaluation whether locals or people from outside are predominantly involved in the 
                                                 
6 Data was obtained from Kreispolizeibehörde Euskirchen, Kölner Str. 76, D-53879 Euskirchen, Germany 
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DVCs is problematic to clarify too. Police recordings were able to give some indications in 
form of the license plates of the vehicles involved in the accidents. In Germany the licence 
plates contain information about the districts the car is registered in. In most cases the car 
driver also lives in these districts. As foresters don’t take note of the license plate in their bag 
lists, and as police recordings are also incomplete at times, the information obtained is not 
statistically validated. 
 
The data analysis tries to involve all the data that is possible. But as already mentioned it is 
based on recordings that other people than myself have taken during the past 7 years. Even 
if one does not insinuate deliberate disturbing intents still it is very likely for the foresters’ 
entries to be incomplete. Bag lists give top priority to the recording of deer shootings, which 
are established to optimize and to control the local game regulations. Although animals killed 
in DVCs are ought to be taken up too, foresters are likely to put priority to the 
documentation of shootings. Especially in situations where the local foresters are absent due 
to holidays or for other reasons this act of bureaucracy, which requires some efforts could 
make their deputies neglect to record, the animals killed in an accident into the bag lists. 
 
A particular problem is the presentation of the accident places. The bag lists are designed in 
a way that the districts or the sub-districts which the animal was shot or found dead are 
logged in. But that does not necessarily have to be the location of the crash.  An animal 
injured in an accident has possibly the chance to get away from the place of accident, and to 
die up to a few kilometres away. The scenery of the crash can’t be identified in these cases. 
Furthermore size and shape of the hunting districts vary considerably, so that even in cases 
where the animals are found next to the roads the precise place of the accident can’t be 
reconstructed from the bag lists. In order to get a picture of the accident locations despite 
those problems, all individual collisions have been discussed with the responsible foresters of 
the shoots. The foresters try to remember the accident place with the help of dates, kind 
and sex of the animal killed and by the given district/sub-district numbers. Naturally the 
memory is yet quite good for the recent past, whereas events that lie further in the past are 
much more difficult to be remembered. Just for this reason it makes sense to limit the time 
frame for the data analysis. Some foresters stated to have no memory about accident places 
at all. Nevertheless they have been willing to at least mark roughly on the map where they 
believe centres of DVCs are localized. Those hot spots are therefore based on experiences 
and thus not statistically proven.  
   Police reports use underlying principles which are different from those of forestry reports. 
They use a “street number – distance” approach to keep track of accident places. Every 
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street is equipped with kilometre markings plus sub-markings. They allow tracing back road 
incidences down to 50 metres. That way spots of collisions can be localized relatively precise 
on a standardized map.   
 
Under certain conditions DVCs might not be recorded at all. That happens always if the 
forester is called to the scene of the accident, but the animal is nowhere to be found. 
Provided that the vehicle shows clear signs of animal impacts – e.g. tufts of hair or blood – 
the forester signs a form confirming that the DVC has happened. Then he hands that over to 
the driver, who himself passes it on to his insurance company. But as no animal was found 
those accidents are not recorded down in the bag lists. There are also cases in which the 
drivers don’t report accidents because they fear negative consequences for themselves 
because indirectly they are involved in illegal actions. If they would report the DVC, they run 
risk that their illegal doings are discovered. A good example which is likely to happen 
relatively frequently are people driving in a drunk condition. The consequence for loosing the 
driving license appear to be more severe than the financial loss from the accident – given 
that the insurance companies pay at all if they get the know in which condition the driver 
was when the accident happened. Another likely illegal action could be where the driver 
takes the victim with home for eating. A local forester of the Nationalpark Eifel estimated 
that at least 30 percent should be added to the records to obtain the real accident numbers 
[Niessen pers. comm.].  
 
A further restriction concerns species of animal that fall into the record of DVCs. As already 
mentioned in most cases are DVCs recorded because of the insurance companies. In 
Germany they have clear ideas about the conditions under which an accident had to take 
place so that it can be claimed to be a DVC, and therefore which forces the insurance 
companies to pay for the damage. German insurance companies classify DVCs as: 
 
 
“Damage caused by game is damage that occurs if a moving vehicle 
collides with game animals. The following animals are falling into the 
category of game animals according to §2 Bundesjagdgesetz (federal 
hunting law): bison, moose, red deer, fallow deer, chamois, ibexes, 
mouflons, wild boars, European hare, blue hare and wild rabbits, 
marmots, wild-cat, lynx, beech marten, pine marten, least weasel, 
badger, European otter, harbour seals, polecats and ermines. 
Domestic animals and working animals are not counted towards 
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game animals! The basic condition for an accident to be a game 
animal accident is that the vehicle was in motion. If that is not the 
case, there is no damage caused by game.” 
[Gesamtverband der deutschen Versicherungswirtschaft] 
 
 
As to be seen from that statement, insurance companies have a relatively narrow frame 
within which they repay the damage. The death of small animals such as frogs, mice or 
reptiles are not recorded anywhere. That seems logical. But there is an animal species 
missing on the list which I find rather surprising as they are one of the larger animal species: 
foxes. 
   But within my analyses I am even more restricted to fewer animal species. It appeared to 
me that only the recordings for wild boar, red deer, roe deer and mouflons - all four the 
largest deer species in and around the Nationalpark Eifel – are somewhat complete. Within 
the bag lists all other species are often categorized as “others”, making it impossible to 
distinguish between them. Furthermore their total number involved in DVCs seems so small 
compared to deer that the figures have to be doubted. I assume that it is not worth the 
efforts to record accidents involving small animals as the damage they cause is only 
marginal. Additionally those small animals often die instantly when hit by a car so that there 
is no need to call the local forester to kill the injured animals. Most insurance companies 
therefore even question the nature of an accident when the driver claims that he has hit a 
hare or a polecat. 
 
The time period covered by this analysis amounts to about 7 years. Some parts of the 
analysis require a large data pool in order to give useful information such as seasonal 
variations of accidents and places of accidents. Thus the time period chosen for the analysis 
should be as long as possible. Although police data was available for the last 10 years, 
forestry data was not, at least not in a quality that would have allowed drawing valid 
conclusions from them.  
 
Due to lacking knowledge and a lack of time I was not able to carry out a proper statistical 
analysis of the data. My results are rather raw data numbers than real statistically validated 
values. That should be kept in mind when analysing and discussing the results. 
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2.2.4 Results 
In the time from 01.01.1997 until 31.12.2003, 307 DVCs have been recorded for the national 
park area. The distribution of the animals involved in those accidents is shown in figure 2.8. 
By far the largest proportion DVCs are 
crashes with roe deer. More than 2/3 of all 
crashes involve that deer species. In 
numbers, 208 accidents with roe deer have 
been reported, in which most of them the 
deer has been killed. In second place are 
wild boar to be found, making up a 
proportion of 14 percent (43 individuals 
involved). They are closely followed by red 
deer (11 percent / 35 individuals). The 
number of mouflons’ involvement is low. 
Only 3 animals have been killed in accidents 
over the past 7 years. The rest of the total number is made up of other mammal species 
(hares, foxes, one lynx, and others) and unknown cases, in which the animal involved in an 
accident is entirely unknown. That happened only in two cases.  
68%
14%
11%
5% 1%1%
roe deer
wild boars
red deer
others
mouflons
unknown
Fig. 2.8 Distribution of animal species involved in 
DVCs between 01.04.97 – 31.12.03 
 
Interesting breakdowns of the data can be made when one want to look closer into the 
ecological consequences of those accidents. Important for the survival of species are mostly 
the young and female individuals. The ratio of males and females killed in those accidents is 
an important tool. 
 total male female unknown ratio m/f 
roe deer 208 58 106 44 1 : 1.8 
red deer 35 16 14 5 1 : 0.9 
wild boars 43 13 9 21 1 : 0.7 
 
 
Fig. 2.9 Sex distribution among the animal victims of DCVs in the Nationalpark Eifel 
In some cases it was not possible to classify the gender of the animal hit by a vehicle. 
Unfortunately that “unknown” proportion is quite large, especially for roe deer and wild boar 
(fig. 2.9). However the number of cases where the gender is known is still large enough to 
give an indication about the male/female ratio.  
   The results are somewhat surprising. For roe deer the ration is almost 1:2, saying that 
almost twice as many females are involved in DVCs than males. For red deer this ratio is 
about 1:1, whereas with wild boars considerably more males are hit than females. No 
conclusion can be drawn about mouflons as their number is too small. 
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 total old young unknown ratio y/o 
roe deer 208 118 50 40 1 : 2.4 
red deer 35 24 7 4 1 : 3.4 
wild boars 43 13 13 17 1 : 1 
 Fig. 2.10 Age distribution among the animal victims of DCVs in the Nationalpark Eifel 
 
Figure 2.10 compares the numbers for young individuals of up to one year of age to older 
ones. The ratio indices show clearly that older individuals taken as a group in itself carry a 
higher risk for being hit than young ones. Only for wild boars the ratio seems to be even. But 
it must be assumed that for wild boars too the ratio should incline towards the older 
individuals as a very high number of “unknown” could be identified. Most of the “unknown” 
comes from police lists where the driver and the policemen could not say whether it was a 
boar or a sow. I assume that if it was a young pig, it would have been stated as such in the 
police reports. But of course, I can not prove my assumptions. 
 
 
2.2.4.1 Seasonal and diurnal variations 
Seasonal and diurnal variations can only be detected partially. Both data available from the 
police and forestry reports had the date included at which the accident happened. Thus it is 
possible to show the seasonal variation of the accidents. Unfortunately neither of the data 
included the daytime. Therefore this field would be issue to further investigation. 
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Fig. 2.11 Distribution of roe deer  involved in DCVs in the Nationalpark Eifel over a period of 7 years on 
a seasonal scale  (green = spring; yellow = summer; brown = autumn; grey = winter) 
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The diagram (fig. 2.11) shows the distribution of DVCs with roe deer on a seasonal scale. 
Each of the columns stands for roughly a fifteen day 
period, from the beginning of a month to the middle 
and from the middle to the end of that month. The 
data is the sum of all accidents that have happened 
over a 7 year period. The lowest accident rates for roe 
deer are found during the winter time. There were 
only 1 ½ animals killed per month on average each 
year (see fig. 2.12). Interestingly the lowest numbers 
of all are found in the period from mid-February to 
mid-March. Most of the accidents happen in May, particularly in the first half. The average 
kill rate in May each year is little more than 4 animals per month. All other month are 
somewhere in between. During spring and summer the accident rates undergo great 
variations, whereas during autumn they are relatively stable on an elevated level. The 
average accidents per month numbers per season are shown in figure 2.12. The accident 
rates for spring, summer and autumn are almost the same, whereas the accident rates are 
considerably lower during the winter period. 
 Accident rates per 
month 
Spring 2.7 
Summer 2.6 
Autumn 2.7 
Winter 1.7 
Fig. 2.12 Accident rates of roe deer per 
month in each season/year 
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Fig. 2.13 Distribution of red deer involved in DCVs in the Nationalpark Eifel over a period of 7 years on 
a seasonal scale  (green = spring; yellow = summer; brown = autumn; grey = winter) 
 
The risk for hitting a red deer (fig. 2.13) in the Nationalpark Eifel is considerably lower than 
hitting a roe deer. Generally the accident numbers are so low that it would not make sense 
to try to identify detailed patterns. But a few things can be noted. There are two periods in 
the year where the accident rates seem somewhat elevated. Those are again the month May 
and also the beginning of July. Furthermore accident rates again are lowest in the winter 
time, just as for roe deer. 
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Fig. 2.14 Distribution of wild boar involved in DCVs in the Nationalpark Eifel over a period of 7 years 
on a seasonal scale  (green = spring; yellow = summer; brown = autumn; grey = winter) 
As for wild boar (fig. 2.14) the accident rates are on a low level just like red deer. Therefore 
great care has to be taken when interpreting those numbers. Even if in one part of a month 
five wild boars are killed and in another part only one individual, it does not necessarily 
meant that the risk of being involved in a crash with a wild boar is five times greater in the 
first part than in the second part. During my research I found three cases in which one sow 
and at least two of its young wild boar has been killed in one accident. The same has 
happened to roe deer does and their calves, but not to the same extend. 
   Nevertheless it can be seen that the diagram is divided in four parts. During the first time 
period lasting from mid November to March the accident rate is extremely low. From March 
to May it is slightly elevated, but still on a low level. From May to end of July the graph falls 
back almost down to the winter level. But from the beginning of August till November, more 
wild boars have been involved in road accidents. As the number of wild boar involved in 
accidents are elevated over the entire period, one can surely assume that to be a real peak 
time. 
 
Although it does not make sense to display the distribution curves for mouflons and animals 
in the “other” category because their number simply is too small to draw conclusions it is 
useful to show the distribution curve for all animals taken together. That helps to evaluate 
the accident risk from the drivers’ perspective. But as already stated, accidents with animals 
falling into the “other” category are recorded on such an irregular level, that I leave them 
out of this evaluation in order not to spoil the other data. Figure 2.15 therefore includes the 
data for roe deer, red deer, wild boar, and the three cases in which mouflons have been 
involved in DVCs. The graph shows that the risk for a driver running into an animal is high in 
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Fig. 2.15 Distribution of all animals involved in DCVs in the Nationalpark Eifel over a period of 7 years 
on a seasonal scale (green = spring; yellow = summer; brown = autumn; grey = winter) 
three seasons: spring, summer and autumn. Only during the winter time, some relief can be 
observed. On a monthly basis, the accident rate peaks in May. At the other end of the 
spectrum, February is the month where least accidents occur. 
 
2.2.4.2 The accident risk along the road network 
The analysis of the accident data has made it possible to identify 
more than 70 locations where those accidents have happened. 
As the distribution of those spots is fairly unevenly distributed 
along the road network within the Nationalpark Eifel and along 
its boundaries it was able to identify places that showed an 
elevated accident rate. Four hot spots can be found in total. 
Figure 2.16 shows the number of individuals killed at those hot 
spots in 7 years. The position of the hot spots is found figure 
2.177. 
    
The first spot (I) is located in the south, where the B258 is 
crossing the national park. Although the total number of 11 
accidents in one year is not particularly high, the large 
involvement of red deer (5 individuals) makes this place 
interesting. At no other place of the national park, that many red 
deer have been involved in DVCs at one single spot. The other three hot spots are both 
found in the northern woodland part, the Kermeter. One is located at the L249 just north of 
Place Animals involved 
I 6 roe deer 
5 red deer 
II 46 roe deer 
4 red deer 
9 wild boars 
3 others 
III 14 roe deer 
1 wild boar 
1 other 
IV 15 roe deer 
1 wild boar  
2 others 
Fig. 2.16 Number of animals 
killed at the hot spots over a 
period of 7 years 
                                                 
7 In order to get an overview of the positions of the hot spots in entire park, use figure 7.3 in the appendix. 
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the Wolfgarten municipality (IV). A second one is found just south of Wolfgarten, also at the 
L249 (III). The last one (II) is rather an area than a single spot, and is outstretched 
alongside the B265. Along that strip, 62 animals have been killed within 7 years. 
I
a) 
IIIII 
IV 
Fig. 2.17 Hot spots of accidents in the “Hetzinger Wald” region (a) and in the “Kermeter” region (b) 
b)
   One question has to be raised now: Is there a connection between those places, i.e. do 
those places share a common factor that makes them hot spots? The search for it can be 
started from various points. First of all, all four places lie with wooded areas. In contrast I 
found accident rates to be extremely low in open land areas. That means that dense forests 
seem to be one prerequisite for high DVC rates. But what else makes those areas stand out 
of many others which are also covered with forests? Unfortunately I could not look into 
many issues which might be necessary to solve that question. I would have liked to have a 
closer look at the vegetation around those spots, but I could not get hold on relevant data in 
time. It would also be interesting to know whether those points are the main migratory 
routes of species. But again, data was not available to me. However one issue appeared that 
might be relevant. All four spots lie next to fenced areas. In the case of hot spot (I) a small 
fenced area is found just north of it on the westward side of the road. The same applies to 
hot spot (II). But in this case, the road is fenced single sided on a length of almost 2 km. 
Over that strip, the accident rate is very low. Hot spots (III) and (IV) are located directly 
next the municipality Wolfgarten. It is very interesting to note that the entire area that 
belongs to this municipality (the “white spot” in figure 2.17b) is fenced to protect the fields 
from game damage. Within that area only one single animal – a fox – has been reported to 
be killed during the 7 years being covered by this analysis. Those fences could play a vital 
role explaining the high number of accidents at those spots. 
 
The distribution of the species involved in DVCs along the road network is quite 
heterogeneous. Wild boars are found predominantly in the eastern part of the Kermeter and 
also along the south-east boundary of the national park, whereas red deer is mostly found 
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along the B266, the road which is cutting the park straight in the centre and in the south. 
Roe deer is found nearly everywhere.  
   I have also been trying to identify a link between local accident spots and seasonality. The 
data did not reveal that any spots only occur during a certain time of the year. It must be 
noted that the data base has to be considerably larger to make it possible to find any 
patterns, if they exist. 
 
2.2.4.3 Injury risk and economical damage 
Although I could not get hold on data about injuries or even fatalities, I could get a picture 
of the severity of those accidents by talking to local foresters and policemen. Despite the 
relatively high accident rates, neither of them could remember any fatalities during the past 
10 years. It also turned out that nobody was able to remember accidents with severe injuries 
either. Mostly the only health damage occurring in crashes with deer species are headaches, 
bruises or stiff necks from the impacts. Those injuries heal up within a few days. In many 
cases no injuries at all are reported.  
   Similar to the injury risk, no economical damage could directly be obtained from the 
accident data. Instead one can use data from insurance companies that record the damage 
caused by DVCs in Germany for a period of one year. The German association of insurance 
businesses (orig. “Gesamtverband der deutschen Versicherungswirtschaft”) is responsible to 
collect that data. This data is not free of impurities and limitations - e.g. large working 
animals such as horses and cows are falling into that statistics too and can not be filtered 
out; only cases are recorded where the vehicle owner holds a third party insurance or a fully 
comprehensive insurance. Nevertheless it is quite useful. In 2002 the association has 
recorded 210,000 reported damages. The overall damage amounted to 400 million Euros. 
According to those two figures, each accident would cause damage of 1900 Euros on 
average. In the Nationalpark Eifel 307 accidents have been recorded over a period of seven 
years, which are about 45 accidents per year. According to the statistics the damage in the 
Nationalpark Eifel is estimated to be roughly 85,000 Euros each year, which must be taken 
as a maximum estimate. 
 
2.2.4.4 Locals or people from outside? 
Before we can answer this question whether locals of strangers are mainly involved in DVCs, 
one usually should define those terms. Locals are people who are living within the area and 
who are considered to be familiar with the road layout and design. Strangers are not living in 
the area and therefore unfamiliar to local road layouts. An indicator whether the driver was a 
local or a stranger can be the licence plate numbers on his vehicle. In Germany, the license 
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plate contains information about the districts where that vehicle is registered. Usually this is 
the also place where the vehicle’s owner lives. Districts vary in size. But in most cases, the 
diameter size of districts hardly exceeds 50km. The Nationalpark Eifel lies within the territory 
of three districts. Thus cars with the licence plate number from those three districts should 
be considered as locals. All others are considered as stranger. When the vehicle owner 
decides to call the police after a DVC, they usually record the licence plate number. 
Unfortunately I could not get enough data to confirm any tendency. During my research I 
got the impression that mostly local drivers are involved in DVCs. During my interviews with 
local foresters I asked them about their opinion. They commonly agreed with me. In their 
opinion speeding is one of the main reasons for DVCs to happen [Möller, pers. comm.].  
 
 
2.2.4.5 Preventive measures used in the park 
One part of my interview with the local foresters was the question after any preventive 
measures that have been used in the past to reduce deer vehicle crashes. Non of the 
foresters could remember that any measures have been used actively. However some 
passive measures, which are measures that have been applied for other purposes than the 
prevention of DVCs, have been used in the past. In one case scent fences have been 
installed in a local forest in order to protect the young trees from being damaged by game. 
According to a local forester, the success was very limited as the deer quickly habituated to 
the scent fences [Niessen, pers. comm. 2003]. In other cases fences have been installed in 
the past in order to protect either local tree populations or to keep game away from the 
fields. The study has shown that these fences had a significant lowering impact on DVC rates 
in that area. However the data analysis also indicates that the problem of DVCs is shifted 
towards the end of those fences.  
 
 Next to the B265 the single-sided fence is accompanied by a strip of vegetation clearing 
which has been carried out in order to increase road security by removing the trees which 
might be falling onto the road during a storm. Although the fence in this area is old, weak 
and contains many holes, this section of the road showed hardly any deer vehicle crashes. 
That is rather surprising as this road section is straight forward, which would invite people to 
speed. The fence in combination with the clearing therefore seems to work quite effectively. 
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2.3 Discussion 
 
2.3.1 Current situation 
The basis for the discussion is clear. High population density and a densely developed road 
infrastructure would suggest that deer vehicle crashes might be a problem in the area. The 
study which has been analysing road accidents with large mammals on the park’s territory 
has identified 307 accidents over a period of 7 years, which are on average about 45 
accidents per year. In comparison to the average kill rate of 0,9 individuals of game animals 
per km road length per year in Germany8, the kill rate in on the national park’s territory is 
considerably elevated (1,5 kills/km/year)9. In order to clarify whether this number indicates 
DVCs to be a problem, it has to be evaluated with regard to different backgrounds. 
 
From an ecological point of view, deer vehicle crashes do not impose any threat to local 
populations of the species involved. In the case of red deer, 5 individuals are killed on the 
roads every year. The population size on the military practice area has been estimated to be 
approximately 350 individuals [LÖBF in NUA 2002]. Indeed the total population in the park is 
higher, as some red deer are living in the surrounding forests too. The accident number of 
only 5 per year on average on the national parks territory is therefore no danger to the 
population at all, especially not considering that the population grows at a rate of circa 35 
percent per year [LÖBF 2004]. According to the statistics, the red deer population would 
enlarge each year by 122 on the military practice area alone. Even if it is taken into account 
that the real accident numbers may lie up to 30 percent higher, the population is not 
endangered by DVCs. The same is true for wild boar and roe deer. Although their population 
sizes are unknown, the bag lists indicate that the individual killed in DVCs make up only a 
small percentage of total number that is killed every year for regulatory objectives. Mouflons, 
whose population on the military practice area has been estimated to include about 70 
individuals [LÖBF in NUA 2002], are also not endangered by road kill losses. Thus from the 
ecological perspective there are no reasons for reducing DVC rates. 
 
From a drivers’ safety point of view, there is also no need to act. Local foresters explained 
that they can not remember any accident in which humans have been severely injured or 
even killed. Although I could not obtain data that backs up their statements, I believe that 
                                                 
8 That number is calculated by using the length of the cross country road network (excluding motorways) 
[Statistisches Bundesamt Deutschland] and the number of DVCs which are annually reported to the German 
Insurance companies [Gesamtverband der Deutschen Versicherungswirtschaft].  
9 I estimated the road network in the Park to have a lenght of approximately 30 km. 
 - 42 - 
                                 2 .  C a se  s t udy :  Na t i o na l p a r k  E i f e l  (Ge rmany )  
 
they can be trusted. The sight of severe accidents is something that usually sticks to peoples 
minds, so that they at least would remember them when asked. The fact that severe 
consequences to drivers are lacking despite the record of 307 accidents and the same 
number of killed large animals during that time would indicate that vehicles engineering is 
very advanced in terms of safety standards.  
   More significant than injury risks is the economical damage caused by DVCs. The damage 
is estimated to be approximately 85,000 Euro per year. One could consider applying 
prevention measures in order to minimize the losses. Cost effective measures would have to 
be find as the accidents are fairly outstretched. If the decision is made to apply measures, 
they should be concentrating on the four hot spots, particularly hot spot (II). 
 
Summarizing can be stated that deer-vehicle crashes currently don’t present a problem in 
the national park. The populations of the four species analysed are not endangered, and a 
drivers’ safety risk can also not be observed. From a practical point of view, only possible 
financial losses would support the idea of applying preventive measures. However it is very 
important to notice that this analysis has only been focussing on four selective species. 
These species are not falling into an “endangered” category in that region. I believe that it 
would be very important to repeat the analysis with regard to animals which are already rare 
in the Eifel and which therefore require a special conservation status. 
 
2.3.2. A future forecast: the requirements 
Although DVCs are found not to present any problems today, it might be changing in the 
future. The question is to which degree this change would take place, and what the 
consequences would look like. In order to make any predictions it is necessary to understand 
the underlying principles of deer vehicle crashes. They are going to be introduced in the next 
chapters. Only on their basis a prediction would be reasonably reliable. However a few core 
aspects which are going to change in the future in the Nationalpark Eifel can already be 
summarized. 
 
The first possible change is an increase in tourism in the area. The literature has shown that 
national parks have the potential to be strong attractors to people that like to spend their 
holiday in the nature [Eifel Tourismus GmbH 2003b]. The national park status helps the 
regions to stand out of other areas which show similar landscape characteristics. However 
the potential growth of tourist numbers is limited in the Ruhreifel region in my view. In 2002 
about 650,000 overnight stays have been counted in the region around the national park 
[Eifel Tourismus GmbH 2003a], which is approximately the same as in the year before [Sell 
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and Viebahn in NUA 2002]. On that basis the number of day tourists has been estimated by 
the Eifel Tourismus GmbH (2003) to be already 5 million. Experiences suggest that there will 
be a limit to the visitor numbers which a national park can handle without compromising the 
conservation objective too much [Wang and Manning 1999]. There is one other reason that 
makes me believe that the visitor numbers will increase only moderately. Although the 
national park has a very central position between major European metropolises (see fig. 
2.7), it is not the only national park in that part of Europe. Numerous national parks are 
already found in the Netherlands and Belgium. Thus the Nationalpark Eifel will face 
competion. Furthermore the development shows that even in Germany national parks are 
still founded. It can not be excluded that another park is installed in the West of Germany in 
the future, which again would increase the competition. But it is impossible to me to predict 
the future visitor development. A rise of the visitor numbers could lead to an increase of deer 
vehicle crashes, but only if all of them use the roads for travelling. Thus the augmentation of 
DVCs is strongly dependant on the infrastructural approach one chooses to handle the 
expected increase of tourists. 
 
The gradual change of the forest type in parts of the park as proposed by the national park 
authority will ultimately also lead to a change in animal species found in those parts. 
Therefore it is likely that hot spots of accidents might shift in the future, particularly if the 
areas positively or negatively affect local roe deer populations. In my eyes, an increase of 
the red deer population in the former military practice area as it is promoted by the park’s 
administration should not result in a significant increase of accidents. 
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3. The underlying principles of deer-vehicle crashes 
 
The data analysis of the case study has shown that deer-vehicle crashes are currently not a 
problem in the Nationalpark Eifel. Accident rates are too low to have any serious impact on 
the population of roe deer, red deer, wild boars and mouflons. However one question 
remained unclear: How are the accident rates going to develop in the future? In order to 
give an answer to this question it is important to know the precondition, e.g. the 
development of the deer populations, the development of the human population and the 
development of the tourist numbers. As far as those variables are known, they have already 
been described in chapter 2. But in order to give those figures a meaning it is crucial to 
understand how accidents originate. This chapter is trying to sum up the principles after 
which deer vehicle accidents happen in most cases. Those principles have a common 
character and are therefore not national park specific. The chapter is therefore valuable for 
every situation in which deer-vehicle crashes should be analysed. 
 
A collision between an animal and a vehicle has always two participants: the animal and the 
driver. The (mis)behaviour of one of them, or both, has lead to the accident. A crash has 
serious consequences for both parties. Mostly the animal has to pay this crash with its life 
[Seiler 2003]. And the driver, even if he/she remains uninjured, is at least faced with some 
economical damage, and sometimes with a traumatic shock. Whenever possible, collision 
should therefore be avoided. It is necessary to comprehend the behavioural motivations of 
both parties. This chapter is therefore split into two parts. At first, the behaviour of three 
selected animal species is analysed. Secondly the human component is scrutinized by 
investigating peoples driving behaviour and perception of the roadside environment. The 
findings are summarized at the end of this chapter. 
 
3.1 Animal biology
The life of animals undergoes rhythms which are very different from those of humans. Some 
animals are day-active, others night-active. Some animals stay at one place over the year, 
others are migrating with accordance to the seasons. Some animals spend almost the entire 
day taking up food, whereas others live on one food source they have found and eaten three 
weeks ago [Raven and Johnson 2001]. If the nature of animal vehicle crashes should be 
understood, it is important to know the biology of the target species that are going to be 
analysed. Only that way, suitable mitigation strategies can be chosen and applied. I want to 
show that in form of three examples. I have selected red deer (Cervus elaphus), roe deer 
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(Capreolus capreolus) and wild boars (Sus scrofa) as species that I am going to introduce 
briefly. All three species have been analysed in the case study, so that the introductions can 
be used for a future prediction of DVC development in the Nationalpark Eifel. But moreover 
those species are very interesting for other reasons too. All of them are found in large parts 
of Europe which makes this chapter valuable for the widest possible audience which wants to 
find solution to DVCs. Red deer stands out of among other species due to its size and 
weight, which makes it cause tremendous damage when hit by a vehicle. The damage of 
wild boars is also considerable. Furthermore wild boars being a non-deer species are 
showing some behavioural attributes which are not found in roe deer or red deer. An 
investigation of reported accidents shows that roe deer is by far the largest contributor in 
Germany. According to the magazine “Der Spiegel” (1997), 70 percent of all recorded deer 
accidents refer back to roe deer in Germany. In the German county Nordrhein-Westfalen, 
more than 18,000 roe deer individuals have lost their lives in road accidents in 1996 [MURL 
NRW 1999]. 
 
3.1.1 Red deer (Cervus elaphus)
The red-deer is one of the largest animals in central Europe. The stags (fig. 3.1), being 
considerably larger than the hinds, can reach a shoulder height of up to 150 cm and a 
weight of up to 200 kg [www.jagd-online.de 2004]. That makes them extremely dangerous 
to hit by a car or a motorbike. After the Weichsel glaciation red-deer was living in open 
landscapes such as meadows and open woodlands, but is now predominantly found in 
largely connected forests in central Europe due to the cultivation and colonisation by humans 
[www.jagd-bayern.de 2004]. Its population number there is relatively small. The largest 
population is living in Scotland [www.jagd-
online.de 2004]. Small population size and 
vanishing habitats make red-deer an 
animal of particular interest for nature 
conservationists. The deers’ impressive 
appearance make them interesting for 
tourists and hobby biologists, and hunters.  
Fig. 3.1 Red-deer stags [source internet] 
   Red deer are unpretentious herbivores. 
They feed on a large variety of different 
plants, depending on what they find. If 
available they prefer grasses and herbs, 
but they will also take corn, potatoes or 
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turnips. In the forests their diet consists among others of mushrooms, beechnuts, acorns 
and shoots of both coniferous- and deciduous trees [www.jagd-bayern.de 2004]. Because 
the red-deer are able to digest rough and hard parts of plants too, they can be called 
intermediate feeders [Morellet et al. 1999]. Between the periods of food uptake red deer 
needs sufficient time to ruminate. The periodic alteration of food uptake (called browsing) 
and ruminating determines the daily rhythm of activities of the large animal. 
 
Studies have shown that red-deer undergoes about 8 grazing cycles per day under 
undisturbed conditions in the summer months [LÖBF 2004]. Under those conditions, at least 
half of the grazing is carried out during the day-time. These findings have been confirmed by 
other studies [Sibbald 1994]. The length of the browsing periods and the ruminating periods 
vary both roughly between 5 to almost 8 hours per day. That means that one deer can be 
busy with food uptake up to 16 hours per day. According to this study, red-deer would prefer 
open land forests for food uptake in all but the summer months when the forests provide 
shadows against the heat [www.jagd-nature.de 2004]. The diurnal peak of intake was 
observed to be approximately 2 hours before sunset, similar to those of other grazing deer, 
cattle or sheep [Sibbald 1994]. During the winter periods, deer populations are concentrating 
on shrinking food resources. Under severe conditions, as they for example exist in 
Scandinavia, this will increase the open aggression between the herd members [Velberg et 
al. 2004]. Interestingly the same study observed no correlation between the rank of an 
individual herd member, and their feeding time at artificial feeding places. However Clutton-
Brock et al. (1982) demonstrated in a Scottish study that in a high-density and non-hunted 
population it may have dramatic effects on body condition. That increases the male winter 
mortality, especially in stags older than 4 years when they begin to hold harems. The 
survival rate of calves is primarily depending on the winter climate as well as the spring 
weather [Loison and Langvatn 1998].  
 
Unfortunately red-deer are very sensitive to human disturbances. Human presence and 
human activities force them to hide in the forests during day-time. As forests obviously 
provide far less grass as food resource than open land, they are forced to calm their hunger 
by looking out for other sources. And they find it in form of tree-bark. As human residential 
areas and infrastructures are getting closer and closer to the habitats where red-deer lives 
the economical damage – as foresters would say – caused by red-deer are growing. 
Sufficient space and sufficient protection from human visual and acoustical disturbances are 
the preconditions that red-deer are not forced into bark-ripping activities [Wotschikowsky 
and Simon 2004]. 
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Red-deer are usually very gregarious animals. They form herds, but separate ones for both 
sexes [Wotschinkowsky and Simon 2004; www.jagd-online.de 2004]. On the one hand you’ll 
find herds of stags, on the other hand herds of does. Only old stags prefer living on their 
own. Until the age of one, young calves follow their mothers, who teach them all they have 
to know to survive: the habitat, the major migrating routes, possible predators and danger 
and the way to deal with them (Wölfel 1983). That also includes the dangers of traffic. 
Mating season is in early September. That is also the time when the red-deer is most active. 
Under undisturbed conditions in a land uncut by numerous roads, railway tracks or 
settlements the large animals are having different summer– and winter territories [Loison 
and Langvatn 1998, Wotschinkowsky and Simon 2004]. Cases are known in Bavaria where 
both have been more than 80 km apart. In Norway individuals have been reported found up 
to 200 km away from their summer territories [Loison and Langvatn 1998]. Although those 
individuals might be outstanding single cases, 40 – 60 km distance between the summer and 
winter territory are not uncommon.  But the seasonal migrations are most often not possible 
any longer in central Europe. Morellet et al. (1996) found that red deer avoid villages, roads 
and other signs of human activities. Thus it is hardly possible to move around in central 
Europe any longer, unless corridors are provided which support the migrations. Only in 
remote areas such as Norway natural migrations can still commonly be observed [Loison and 
Langvatn 1998]. 
 
Diurnal movements vary significantly between the different herds, depending on the habitats 
and the conditions under which they are living [R. Becker from Rotwild AG/Deutschland pers. 
comments]. In areas where they find plenty of food they hardly move [Wotschikowsky and 
Simon 2004]. In this case they might stay within one kilometre around a core. If food 
resources are spread out however, they are forced to move around.  
 
In conclusion with focus on car accidents can be said that food availability and human 
disturbances are the main influencing factors. The abundance of food determines whether 
the deer remain at a local point or whether they are forced to move around on a diurnal 
scale. The routes they chose depend on the degree of human disturbances. Strong 
disturbances also force the red deer to carry out their main activities during the night time. 
Therefore the risk of DVCs with red deer should be highest during the night hours in densely 
populated areas. As young calves learn the “correct” behaviour dealing with sources of 
dangers – such as roads – from their mother during at least the first year of their lives, it is 
therefore important to avoid that the latter are killed when having calves [Wotschikowsky 
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and Simon 2004]. Avoiding accidents with red deer is important as they are quite dangerous 
to hit by cars or motorbikes. Their long legs hoist their body’s centre of gravity often far 
above the bonnets, so that in a crash the full body weight is smashing into the central part 
of the vehicle. The injury risk for the passengers is therefore very high. Fortunately their 
timid behaviour towards humans helps to avoid accidents most of the time. When a red deer 
notices an approaching vehicle it will mostly turn immediately and flee.  
 
3.1.2 Roe deer (Capreolus capreolus) 
Roe deer can be called the small relatives of red-deer. Roe deer reach a shoulder height of 
ca. 60 – 80 cm, and a weight of up to 30 kg in Europe [Olesen et al. 2002, www.jagd-
bayern.de 2004], but are larger in eastern Europe and Siberia [www.jagd-online.de 2004]. In 
Europe they are a very successful species and can be found nearly everywhere from Norway 
down to Turkey. This success is based on the roe-deer’s ability to adapt easily to new living 
conditions [www.jagd-online.de 2004]. Although they prefer richly structured border-zones 
of open land, hedges and mixed forests, they can also live on open fields or even near 
human settlements. An analysis in Denmark showed that the density of roe-deer populations 
is positively correlated with deciduous tree cover. The more deciduous trees grow on a 
certain area of land, the more roe-deer are able to live there. On the other hand the 
correlation between roe deer and the density of coniferous trees is a negative one [Olesen et 
al. 2002]. 
 
The social bonds between the individual roe deer are rather loose. Over most part of the 
year – in Denmark between April and October, but it may vary regionally - roe-bucks (fig. 
3.2) have a sharply defined territory which they will defend vigorously against other bucks 
[Olesen et al. 2002]. The females on the other hand don’t reside such a strictly defined 
territory. Instead they live in so-called home-ranges, which are areas with rather loose 
borders [Pettorelli et al. 2001]. Usually those home-ranges are smaller than the buck’s 
territories, so that the territory of one single buck can easily cover up to three home-ranges. 
Territory sizes are usually up to a few square kilometres. During the winter month roe deer 
gather in small groups. Those can often be observed standing in the open fields. It is 
assumed that the reason for this behaviour simply is one of saving time. Roe deer will have 
to raise their head from time to time to watch out for approaching dangers. The observing 
part is now shared between the different group members, so that the individual deer has 
more time to take up food. 
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Like the red deer, the roe deer are 
ruminating animals. In the summer time 
they undergo up to 12 alternating periods of 
browsing and ruminating. In the winter time 
that alteration rate drops down to about 8 
[Olesen et al. 2002]. Roe deer are feeding 
on grasses, herbs, leaves and shoots 
[www.jagd-bayern.de 2004]. They will 
always prefer the nutrient- and energy-rich 
parts of the plants [www.jagd-online.de 
2004], as they cannot compensate the low 
energy content of some food by simply 
feeding more of it as many single-maven 
animals are able to. That makes them also 
more dependant on sources of a good 
quality [Pettorelli et al. 2001]. Thus they are classified as “concentrate-selecting” animals.  
Fig. 3.2 Roe deer buck [www.naturfoto-online.de] 
 
In central Europe roe deer are causing most of the deer-vehicle crashes. In Germany alone 
they contribute about 70 percent to all road crashes [Der Spiegel 1997]. The analysis of the 
DVCs in the Nationalpark Eifel case study shows similar results. An estimated 5-6% of the 
spring population may loose their lifes on the road [Putman 1997]. The ministry of 
environment, environmental planning and agriculture of the German county Nordrhein-
Westfalen states that 22 percent of roe deer that have been appearing in the bag lists of the 
year 1995/96 have been victims of traffic accidents [MURL NRW 1999]. This is surprising as 
they have excellent senses of smelling and of hearing. Furthermore they have a fine sense of 
detecting movements [www.jagd-online.de 2004]. But for yet unknown reasons roe deer 
behave very unpredictable when crossing roads [völk and Wöss 2001]. Sometimes they are 
fleeing from the road, and are then suddenly jumping back onto it. They might even speed 
onto the road just before an approaching vehicle, leaving the driver no time to react. As the 
roe deer show the highest activity at dusk and dawn, most of the accidents happen during 
that time of the day. Although the risk of meeting roe deer on the road is given nearly 
everywhere, even near human settlements, it has been found to be highest at roads running 
along forest/field borderlines as this is the most favourite habitat for roe deer [Seiler 2004].  
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3.1.3 Wild boars (Sus scrofa) 
Another large inhabitant of many European forests is the wild boar (fig. 3.3). Those wild-
living relatives of modern domestic pigs can weigh up to almost 300 kg. In central Europe 
they are mostly smaller with weights around 100 – 150 kg [www.jagd-online.de 2004]. Their 
origin lies in Europe, northern Africa and some parts of Asia. Due to the European voyages 
around the globe during the past 
centuries they have been brought to 
nearly every corner of the world, for 
example to North-, Middle- and 
South America, Australia and New 
Zealand.  As they are excellent 
swimmers they were also able to 
get to remote islands [www.jagd-
online.de 2004].  
   Their favourite habitats are 
indigenous forests or mixed forests 
with thick undergrowth that 
provides cover and shelter. But during the summer time when grain is long enough to hide 
them visually they are often found in fields too. Important features of their habitats are pools 
or streams of water where wild boars can drink and wallow [Gerard et al. 1991]. Wallowing 
places are good indicators for wild pig populations in a certain area. As the pigs are able to 
adapt easily to changing environments, they can also be found close to human settlements. 
They feed on nearly everything they find, that’s why they can be classified as omnivores 
[www.jagd-bayern.de 2004]. Their diet consists of plants such as grass, herbs, nodules, 
roots, fruits or seeds, and also of animals such as worms, insects and mice. They find their 
food by using their “nose” like a plough digging through the soil. Farmers don’t like wild 
boars because one single herd is able to destroy a whole field of corn almost overnight. The 
danger for damage is highest when the grains are “ripe”, or newly sowed fields. Occasionally 
wild boars kill and feed on young, ill or injured larger animals, e.g. roe deer fawn. Wild boars 
are known to be scavengers, too [www.jagd-online.de 2004]. 
Fig. 3.3 A herd of wild boar (Sus scrofa) [source internet] 
 
The social structure of wild boars is highly developed. The wild sows live together with their 
youngsters in a herd with a nucleus of two or three mature females [Spitz 1986]. The male 
adults however are loners, which have established home ranges of up to 5000 ha. Home 
ranges of female lead groups are considerably lower, ranging from 200-4000ha [Spitz 1986]. 
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In Central Europe wild boars mate between November and December. In some cases where 
the food is abundantly available sows are ready to mate all over the year. Because wild 
boars have up to eight youngs in one litter, and because they lack any natural predators 
such as wolves, lynx, bear or golden eagles in central Europe, they have a steep population 
growth. Next to the damage they cause on farmers fields they also act as carriers for the 
swine fewer that also infects domestic pigs. For those reasons wild boar populations are 
strictly controlled by hunting in almost every part of Europe. Besides hunting many pigs are 
killed in road accidents.  
 
Wild boars are known to be very careful animals which try to avoid danger whenever 
possible. But exactly that characteristic makes them dangerous especially in the late summer 
and early autumn during the harvest. Frightened by the noise of the harvesters the herds of 
wild boars flee in panic simply overseeing the cars on the next road. As a special problem 
the herd will always follow the leading sow without hesitation or questioning. One 
newspaper author created a picture which I think brings the issue down to the point quite 
nicely. He described a herd of wild boars as a train, where every member of the herd follows 
like wagons behind the locomotive; the leading sow. Car drivers hardly have a chance, 
because even if they avoid the first pig, they have to find their way around the following 
ones. That explains the high number of incidents found in the Nationalpark Eifel where 
several wild boars have been killed in one accident. Because of their compact size and high 
weight wild boars are able to cause severe damage to cars or motorbikes.  
 
3.1.4 Conclusion 
Understanding the characteristics of deer ecology and behaviour is a very important 
precondition to tackle DVCs. For the risk evaluation it is for example very useful to know that 
deer species show their highest activities just around dusk and dawn. Accidents are 
therefore most probable to happen during that time. By knowing the biological background, 
management options might be found that have very different approaches than just looking 
of direct road measures. If for example management options are found to relieve the human 
disturbances of the local red deer population, those would become more active during the 
day time and thus minimize the risk of crashes during the night. Cole at al. (1997) has 
demonstrated that reducing traffic also reduced the home-ranges sizes of the stags, which in 
return lead to a decrease of road mortality. As another example, seasonal warning signs at 
roads running along fields during the harvest period could help to reduce the risk of crashes 
with wild boars.  
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3.2 Human driving behaviour and perception 
In a deer accident, there are always two parties involved. The first one is the animal that 
causes the accidents. Understanding their motivations to cross roads as well as their crossing 
behaviour is important to find suitable measures to either prevent them from doing so or to 
find other solutions for a save passage. The biology of three selected species has been 
described in the previous chapter. But only looking at the animal part is not enough. As 
drivers are also always involved in DVCs, some interesting questions should be clarified 
regarding to them. How do they perceive information on and along the roads? Could he have 
noticed the approaching animal earlier? Has the driving speed been sufficiently adapted to 
the visibility in the dense undergrowth next to the roads? What speed limits should be 
chosen for a safe journey? The importance to understand human behaviour and perception 
is underlined as human actions are at least a contributing factor in 90 – 95 percent of traffic 
accidents, if not fully responsible for those accidents [Lajunen et al. 2004]. But moreover it is 
also crucial to discover possible differences in the driving behaviour between age groups, 
gender and educational background for the choice of the most suitable management options. 
Knowing who the largest contributing groups to DVCs are, it will make it possible to develop 
management strategies which are addressing them directly and more specifically. Shortly, 
the analysis of our perception and behaviour is a crucial addition to the understanding of the 
animals’ behaviour.  
 
3.2.1 Human driving behaviour 
Accident statistics prove that the driving behaviour differs significantly between humans.  We 
all know that a 65year old driver behaves differently in the traffic that an 18year old, who 
has just passed his driving license. This chapter wants to point out some of those 
differences, which have been explained by scientific research. It is very important for me to 
mention that the following statements are not meant to be discriminating against the one or 
another group. Their only purpose is the demonstration of the differences in the driving 
behaviour and the different needs of certain age groups when participating in the traffic.   
 
3.2.1.1 Theory 
The importance to break accidents down in smaller pieces for the analysis has already been 
explained in chapter two. The search for patterns between single accidents and also the 
determination of black spots are crucial to get a better understanding of the mechanisms 
after which accidents occur. The first part of this chapter deals with the theory underlying 
the accident risk and the drivers’ behaviour. The basis for this explanatory attempt is 
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provided by an article by Heikki Summala published in 1996. Basically that article tries to 
explain the terms „the principle of behavioural adaptation“ and „risk compensation“. The 
article recognises that driving safety does not depend that much on driving skills, but instead 
on the travel speed chosen by the driver [Summala 1996]. This discovery made in the early 
70s is still true nowadays and therefore justifies many of the speed-limiting actions. The 
theory also states that humans are always trying to stay within safety boundaries they have 
set themselves in their mind rather than evaluating the risk all the time. They are only forced 
to react in dangerous situations. The problem there lies in the fact that the subjective sense 
of security is often deviating strongly from the security objectively seen. In other words, 
humans feel safe although they might be in a very dangerous situation. Many humans 
driving with 100 km/h on a country road feel that they have their vehicle under control in 
any situation at any time. Advanced noise reduction measures and comfortable suspension in 
modern cars make the driver believe not to travel as fast as he or she actually does. In the 
subjective sense of security one can easily forget the length of the breaking distance at high 
speed and how fast the car gets out of control at fierce movements of the steering wheel. 
Drivers concentrate on maintaining the chosen speed rather than focussing on the risks 
[Summala 1996]. Especially on roads that one uses routinely, one is keen on passing them in 
about the same duration of time every day.  
  
   Scientists have discovered that in 90 – 95 percent of traffic accidents human actions are at 
least partly responsible. That means that only in 5 to 10 percent, accidents could not have 
been avoided even if the humans involved had been acting correctly, e.g. in the case of a 
technical failure of the car [Lajunen et al. 2004]. For that reason many studies are using the 
model of human risk behaviour. Studies like Dobson’s et al. (1999) send out questionnaires 
asking questions like “How often do you sound your horn to indicate your annoyance to 
other road users?”, allowing to respond within a scale ranging from “never” to “almost 
always”. Such a questionnaire is called “Driver Behaviour Questionnaire (DBQ)”. The results 
are categorized into three main categories: “errors”, “violations” and “slips and lapses”. 
While errors are seen as unintentional behaviour, violations are deliberate actions. Both are 
“potentially dangerous and could lead to a crash” [Lajunen et al. 2004]. Slips and lapses 
however are problems of attention and memory, e.g. they include situations where you want 
to drive to place A, but instead end up at place B. They can cause rather embarrassment 
instead of danger. This differentiation is a useful tool to break up the event of an accident as 
demanded by Summala (1996). Knowing that e.g. elderly drivers have higher lapse scores 
than young ones and that passive accident involvement has been associated with high lapse 
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score factors [Parker et al. 2000], those questionnaires make it easier to explain why 
accidents have happened.  
 
3.2.1.2 Gender-,age – and cultural dependant differences 
The danger for the different groups of persons in the traffic environment and the potential 
danger coming from those groups of persons have been analysed by numerous studies. It 
seems to be logical that there have to be differences between groups of persons, and that 
has been confirmed by those studies. The results are summarized in the next few 
paragraphs.  
 
Historically it seems as if men are more endangered to die in traffic accidents than women. 
This is particularly true for young humans [Murray 
2003]. On the other hand the number of women 
who have been seriously injured through accidents 
is significantly higher than the one for men [Evans 
1991]. Statistically young traffic participants cause 
considerably more accidents than older ones, both 
males and females. That has been observed in 
many countries, e.g. Germany [Statistisches 
Bundesamt Deutschland 2004], Finland [Summala 
1996], Great Britain [Lajunen et al. 2004], New 
Zealand [Gulliver and Begg 2003] and Australia 
[Dobson et al. 1999]. In the Netherlands, only 1 
percent of all deaths are caused by road accidents. However, road accidents are the reason 
for about 30 percent of the deaths among the 5 to 25 year olds [Blaeij and van Vuuren 
2003]. The road mortality for the different age groups in Germany is shown in figure 3.4. By 
far the highest risk is carried by the 15 to 25 year olds. 
In the age 
from … till … 
Killed per
100,000 inhabitants
Under 15 1.7 
15 – 18 11.5 
18 – 25 23.4 
25 – 65 7.6 
65 and older 8.8 
In total 8.3 
Fig. 3.4   Number of killed people through 
road accidents in Germany in 2002 
[Statistische Bundesamt Deutschland 2004] 
 
The high accident numbers for young humans has its roots in the fact that young people are 
more willing to take risks and to act adventurously. They drive home from the night clubs at 
night, sometimes even when they have been drinking alcohol knowing that they act against 
the laws [Dobson et al. 1999]. Moreover people at that age underestimate the negative 
effects of alcohol onto the driving skills [Gulliver and Begg 2003]. If one compares the 
curves for road accidents on a daily scale (see figure3.5), distinctive peaks for the different 
age groups can be recognized. Young drivers are involved in severe accidents predominantly 
during the night time, whereas middle-aged drivers have their peak particularly during the 
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commuter traffic [Summala 1996]. Old drivers again are involved mainly at the rest of the 
day. Those curves represent the different life styles and life rhythms.  
Fig. 3.5 ”Disaggregation of accident loss in the search for ‘black spots’. Weekly distributions of fatal 
accidents for three age groups for the years 1984-92 in Finland. Although the absolute figures shown 
indicate different exposure, young drivers’ weekend night peaks, for example, show black spots which 
demands attention from society. Rather than the separate hourly and weekday distributions normally shown 
in official accident statistics, routine presentation of somewhat more disaggregated statistics such as this 
figure is recommended (data from the fatal collision data basestudied by the Finnish accident investigation 
teams, provided by the Traffic insurance Center)” 
[Summala 1997] 
Interesting results are found in studies that include the educational background of the driver. 
Although some of them show that the educational carrier has nothing to do with the risk of 
getting involved in fatal accidents [e.g. Lourens et al. 1999], other studies demonstrate that 
humans holding a university degree are more likely to get involved in accidents than others 
[Sagberg 1999; Dobson et al. 1999]. The background is yet unclear and object to 
speculation. It could be plausibly explained as people holding a university degree often work 
in higher positions, which give them higher responsibilities and make them work longer than 
people in lower positions. The higher mental workload during the day makes those people 
wearier when they are driving, with their minds drifting away. Another explanation could 
simply lie in the structure of those two studies named above. Both are based on 
questionnaires that have been distributed among the populations to give representative 
results. Maybe there is a tendency that more intelligent people are more likely to fill in those 
questionnaires and send them back to the researchers. Special studies should deal with that 
question and give answers.  
 
Considering annual mileage is also important. Interestingly it has been shown that drivers 
who travel longer distances per year produce fewer accidents per kilometre than low-mileage 
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drivers. A Dutch study by Lourens et al. 1999 also found, that the risk of getting into a 
severe accident is independent of gender and educational background.  
   Some researchers have been trying to look at the risk of getting involved in accidents from 
a different angle. Instead of comparing age, gender or cultural backgrounds, they rather 
focussed on the attitudes of those people. And they got some interesting results. Groups of 
persons that are willing to take higher risks in one thing – e.g. by not using safety belts- are 
more often taking higher risks in different things too [Summala 1996]. Remarkably often the 
literature classifies young male drivers a certain aggression in traffic. It has been proven that 
persons who once have behaved recklessly in traffic and who have been penalized for their 
behaviour are distinctively more often involved in accidents than drivers who have not been 
penalized during the past 3 years [Lourens et al. 1999]. This phenomenon is age 
independent. Among young drivers only one third of the accidents caused by this age group 
are made of drivers that have not been guilty of previous motoring offences.  
 
3.2.2 Human perception in traffic 
When talking about perception one should distinguish between central sight and peripheral 
sight [Herslund and Jørgensen 2003]. In traffic situations the vehicle driver is trying to 
concentrate on things that are important for him to have a safe journey. That might be an 
approaching car, a traffic light or the next corner. His eyes are fixing those “objects”, and his 
brain is actively processing the perceived information. This is the so-called central sight. The 
peripheral sight could be compared to a background scanner. The information from the 
periphery are only analyzed for unusual things and possible dangers. Once the brain has 
spotted a possible danger, it will make the driver taking that object into central sight for a 
more detailed analysis. Sometimes when the time is short, the brain makes the driver react 
without even knowing what he is reacting to. In very complex situations the brain can shift 
much of the mental capacity to the central sight. This can lead to the situation that the 
“internal scanner” will not work with the same intensity, and might oversee approaching 
dangers [Herslund and Jørgensen 2003]. Driving on a small road in a rural area at night can 
be seen as an example for a complex situation, in which the chance being involved into an 
accident is greatly increased [Lam et al. 2003]. The same applies to situations where the 
attention is shifted away from the roads, e.g. talking on a mobile phone, switching channels 
on the radio [Charlton 2003] or carrying passengers, especially for young drivers [Lam et al. 
2003, Vollrath et al. 2002]. Pease and Pease (1998) suggest that the peripheral sight is more 
distinct in women.  
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Human perception is greatly reduced when the driver has been drinking alcohol or when he 
is sleepy or drowsy [Lam et al. 2003]. The figures about sleepiness as an accident factor are 
not clear, as there is still a lack of profound studies. But some estimates in the US say that 
1-3 percent of all accidents are a result of sleepiness of the drivers [Sagberg 1999]. A study 
in Australia again states that fatigue causes up to 6 percent of all road accidents, and nearly 
30 percent of all fatal crashes in rural areas. Although that study has been questioned by 
other authors, sleepiness still seems to be an issue that should not be neglected when 
dealing with roads’ safety. The consequences of an accident when the driver is falling asleep 
are often much more severe than “ordinary” accidents. Rural areas are much heavier 
affected because the driving speed is higher on cross-country roads. So an English study 
reports that as much as 16 percent of accidents on major roads in England are caused by 
sleepiness [Sagberg 1999]. Sagberg concludes that there is little that one can do against this 
problem. The only adequate present management option seems to be rumbling strips along 
the edge lines and as middle line, so that drivers who have fallen asleep wake up from the 
noise and vibrations as soon as they leave their lanes.  
 
One important question in the field of preventing accidents under the influence of 
unpredictable phenomena of nature is the finding of convenient measures to inform humans 
about the places of danger. Putting up warning signs surely is the most used method. But 
the question should be asked whether those signs are recognized and taken serious. Drory 
and Shinar (1982) showed in their study that only 6 percent of motorists recall having seen 
the target sign (e.g. sharp curves and cross roads). The success of warning signs seems 
strongly dependant on the frequency and the places, where those signs are set up. The 
more often signs are found, and the fewer accidents happen at the signed place, the more 
likely are those signs ignored [Carson and Mannering 2001]. Although drivers have 
perceptual skills to detect signs they often do not feel the need for the information displayed 
[Al-Madani and Al-Janahi 2002]. A US project has shown that ice-warning signs in 
Washington State statistically have no influence on the frequency or severity of vehicular 
accidents that involve ice. In other cases the traffic participants behave correctly although 
most of them can not remember warning signs to be seen. In those cases other sources 
make the drivers behave correctly, e.g. reducing the speed before sharp curves [Drory and 
Shinar 1982]. Additionally problematic is the fact that most drivers are overestimating their 
driving abilities [Walton and McKeown 2001] and they believe being able to have their car 
under control in all situations. Safety campaigns addressing that issue might help. 
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3.2.3 Summary
The literature review has shown that there are significant differences between the age and 
gender groups regarding their driving behaviour. Young male drivers carry the greatest risk 
of getting involved into an accident. Older traffic participants tend to avoid impaired 
situations and are therefore less endangered. With increasing age the differences between 
the sexes are minimized. One can use this information to develop specific educational 
strategies to the young age groups. So might it be very useful to involve a demonstration of 
the severity of accidents in driving licence gaining process. Noticeable flyers and leaflets in 
night clubs might also be helpful to raise the young peoples’ awareness about dangers 
driving at night. The education level also plays a role, but in a rather unexpected way. 
Higher educated people seem to carry a greater risk of getting involved into an accident than 
less educated once. Traffic circumstances and the drivers’ physical and mental condition are 
also crucial for the risk of getting involved into an accident.  
 
Braking down accident events in several smaller units is a useful tool to clarify the nature of 
accidents and to identify black spots [Summala 1996]. If possible, such a breakdown should 
be carried out wherever and whenever possible. In order to make it easier to drivers to react 
to dangerous situations the load of roadside information should be kept on a balanced level. 
Too much information may lead to an overload so that the mental capacity is shifted from 
the peripheral sight to the central sight, which could lead to situations where dangerous 
situations are failed to be recognized early enough [Herslund and Jørgensen 2003]. On the 
other hand, no mental demands along roadsides lead to increased drowsiness and 
sleepiness, which again is very dangerous [Sagberg 1999]. Important is also the finding that 
people tend to neglect warning signs in many cases. Unfortunately that happens to speed 
limitation signs too. Thus other strategies will have to be found in order to prevent road 
accidents from happening. Sometimes those warning signs are neglected deliberately. 
Therefore intense monitoring might in some cases be crucial to make traffic participants 
behave in a correct and therefore safe way. For that reason, monitoring must be part of any 
successful strategy.  
 
3.3 Application of the theory 
Braking down accidents into smaller fragments and analysing them has shown to be a 
valuable tool to identify patterns and underlying principles. In the cases where wild animals 
are involved in road accidents, an analysis of the biology of the target animal species can 
reveal temporal and local hot spots, which can be used to either predict a future 
development of DVCs – as in the case of the Nationalpark Eifel – or to find species specific 
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measures to solve the problem. For example it has been demonstrated that the length of the 
daily migrations at red deer stags is positively correlated the degree of human disturbance 
[Cole et al. 1997]. It could be shown that higher disturbance means larger home ranges, 
which again results in a higher probability of DVCs.  Furthermore in the case where red deer 
are found to be of the main concern in night time crashes it could be useful to find ways to 
minimize the human disturbance factor. That might shift the activity periods of these animals 
from night towards the day. A higher visibility during the day would make it much easier for 
both humans and deer to avoid collisions [Haikonen and Summala 2001].  
 
Understanding human perception of information along roadsides when driving provides tools 
to improve chosen mitigation strategies. In order to secure that sufficient brain capacity is 
available to detect possible dangers early and react to them, information overloads but also 
“underloads” should be avoided. Recent vehicle designs give drivers a dangerous sense of 
safety which makes them more likely to neglect or oversee warning signs, especially if they 
have not experienced negative consequences when doing so. Their use should therefore be 
evaluated carefully. Much money can be saved by avoiding choosing strategies which are 
doomed to fail from the very beginning. A thorough consideration of human driving 
behaviour will make it possible to choose better management options too, and also enables 
to predict future developments of accident rates. Therefore it is important to know the 
characteristics of the groups of people that are mostly involved in DVCs, and know their 
share of the entire group of concern. The example of the Nationalpark Eifel should illustrate 
that statement. The group of concern are all drivers that travel through the park as they 
carry the potential risk becoming involved in a DVC. As this chapter has shown, the largest 
contributors to accidents are young male drivers, and people who are very busy and who 
have many different things in their heads. By comparing those characteristics with the 
characteristics of the two main groups of persons that use the roads in the park, which are 
locals and tourists, locals are fitting much more into those categories than tourists do. It 
must therefore be assumed that locals are responsible for most of the DVCs on the park’s 
territory. That recognition enables to predict the future development of DVCs with regard to 
the concern of rising visitor numbers. 
 
The findings made in this chapter are not only useful for the Nationalpark Eifel. They can be 
applied wherever the problem of DVCs is wanted to be resolved. At many places around the 
globe people are trying to find solutions to very specific animal-vehicle problems, being it for 
conservation-, management-, ethical-, economical-, safety-, legislative- or political reasons 
[Seiler 2003]. For them this chapter should have been a valuable source for information.  
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4. Management options to avoid deer-vehicle crashes (DVCs) 
 
So far the thesis has been dealing with the analysis of possible problems of deer vehicle 
crashes in the Nationalpark Eifel in Germany. An analysis has been carried out in order to 
evaluate the magnitude of possible problems. Although it was found that DVCs are currently 
not a problem in the park, the question whether it might develop to a problem in the future, 
if tourism is going to increase and if a new forestry and red deer management are applied, 
still had to be answered. In order to make a somewhat reliable prediction, the underlying 
principles of DVCs should be understood. A general analysis of those principles therefore has 
been carried out in chapter 3. The next consecutive step is the analysis of available 
mitigating measures. Although it might not necessarily be of concern for the Nationalpark 
Eifel, many other regions that are facing the problem of DVCs have to choose between a 
variety of available options. As this thesis wants to focus on suitable road management in 
nature protection areas in general, but with focus on national parks and DVCs to some 
extend, this chapter is going to introduce mitigation measures that have been used around 
the globe. Moreover this chapter also evaluates each of the measures.  
 
4.1 The character of DVCs 
Deer collisions on road always involve both drivers and animals. As chapter 2 has been 
investigating the behaviour of both groups, it is logical that the mitigation measures also 
incorporate both groups. Therefore the first group of solutions deals with the drivers’ part, 
whereas the second group are measures concerning the deer. I will come back to it later. 
The safest and also most radical option would be closures of the roads to public traffic, for 
no cars mean no accidents. For nature conservationists that would be the best option as 
roads have the following effects on wildlife: 
 
- Direct loss of habitats 
- Degradation of habitat quality 
- Habitat fragmentation ? smaller patch sizes and higher edge to interior ratios 
- Impacting noise makes some animals stay away from the roads ? even further 
reduction of habitat sizes 
- Reduced access to vital habitats 
- Population fragmentation ? reducing the gene pool for each individual  
- Increased human exploitation 
- Road mortality 
[Hartmann 2003 plus personal comments] 
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This radical step however would surely be highly opposed by the public, especially by the 
locals. Thus other management options have to be considered.  
 
The first step before talking about appropriate management options is the identification of 
roads that are affected by crossing deer. Putman (1997) states that all deer species “cross 
minor roads (narrow roads of relatively low traffic volume) during routine daily movements 
around an established home range“.  Usually those crossings will occur during the night time 
with peaks around dusk and dawn, but in well wooded areas they may also occur at any 
time of the day. The findings are confirmed by two researchers from Finland, Haikonen and 
Summala (2001). They have been analysing the hours of the day where most deer-vehicles 
crashes occur. They found a distinctive peak one hour after sunset for moose and white-
tailed deer (see fig. 4.1). The accident numbers are starting to rise at one hour before dusk, 
peak two hours later and decline at roughly the same rate. Two things are very surprising. At 
first both curves for DVCs with moose and with white-tailed deer are almost identical in their 
form. For that reason the authors suggest that they might be similar for other kinds of deer 
too. The second surprise is the low number of DVCs in the time around sunrise. Although 
deer animals are very active both around sunrise and sunset as their circadian rhythms are 
synchronized to those times – e.g. moose is 1.5 to 2 times more active than at other times 
of the day or night [Haikonen and Summala 2001] – the crash number at dawn is only 
increasing marginally compared to the rest of the day. Finding an answer to that 
phenomenon is not easy, but low traffic intensity could be an explanation. Around dusk as 
well as around dawn the drivers are confronted with decreased visibility due to darkness. 
Fig. 4.1 Distribution of crashes at dusk (left) and dawn (right) involving moose and white-
tailed deer, southwestern Finland in 1989 – 1997 (all seasons included); x-achsis Temporal 
distance (minutes) from sunset or sunrise [Haikonen and Summala 2001] 
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Together with the fact that both deer and humans are behaving in accordance to the light 
the peak of DVCs around dusk can be explained. Deer is leaving their shelter to reach their 
feeding grounds. There they find the courage to cross the roads from which they stay away 
during the day-time because of the strange noises and the clearly visible cars. But although 
the same is happening just before dawn, why remains the number of DVCs that small then? 
This phenomenon still remains to be determined. 
  
The whole matter can become particularly explosive when the day-night shifts coincide with 
the rush hour. In most countries that would be roughly the time from 6.30am-8am and from 
5pm-7pm. In central Germany, these day-night shifts would occur between the beginning of 
February to the end of March1 and mid-September to the beginning of November. The 
combination of an increased traffic volume with an elevated deer activity and low visibility 
should accentuate the peaks of DVCs [Putman 1997].  
Fig. 4.2 “Conceptual model on the effect of traffic volume in the percentage of animals that 
successfully cross a road, are repelled by traffic noise and vehicle movement, or get killed as they 
attempt to cross. The model is based on empirical data indicating that most collisions occur on 
intermediate roads” [Seiler 2003] 
   In contrast to minor roads which are crossed by deer on a daily routine railways and 
highways seem to be almost “impermeable”, that means that they are recognized as the 
deers’ territories boundaries [Putman 1997, Holzgang et al. 2000]. Putman suggests that to 
be true at least for the European deer species red deer, roe deer, fallow deer and sika deer. 
Seiler (2003) has demonstrated that willingness for deer to cross roads is strongly dependant 
 
1 The time span must be extended for dawn till mid-April due to the change from winter to summer 
time 
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on the traffic density (see fig. 4.2). The number of animals killed will rise according to an 
increase in traffic until about 5000-6000 cars per day. A higher traffic load will reduce the 
number of road kills as the animals become increasingly reluctant to cross the roads. The 
same study also states that an increasing travel speed would also result in an increase of 
DVCs.  As that form of behaviour only applies to daily routine movements, dispersing animals 
are still crossing those roads too. But in contrast to the daily movements within the home-
ranges those dispersion is highly seasonal. Examples are “juveniles leaving their natal range 
or mature males seeking mating opportunities during the rut” [Putman 1997].  
 
   Knowing the basic conditions for deer crossing roads one can now think of appropriate 
measures to reduce the accident rates. They are summarized in figure 4.3. 
Deer 
warning 
signs 
Roadside 
vegetation 
management 
Education Road 
lighting
Speed 
reduction 
Road 
charging 
Reflectors Whistles Fences Chemical 
repellents 
Bumps 
D R I V E R  
Increasing awareness Increasing awareness Barriers Enforcing 
behavioural 
changes 
Speed 
limits 
with 
OVERPASSES
with 
UNDERPASSES 
with 
CROSSWALKS 
D E E R  
Fig. 4.3 Overview over the most commonly used measures to prevent DVCs; divided into those applied to the driver and 
those applied to the deer 
The diagram shows that there are various possibilities to intervene both at the drivers’ site 
as well as at the deer site. In both cases a variety of management options are trying to raise 
the awareness to situations that might become dangerous where deer frequently encounter 
roads. Lighting roads and clearing the vegetation along roadsides ought to help the drivers 
to recognize the deer earlier, giving them more time to react. Of course it is hoped that the 
deer in return will also recognize the approaching danger earlier, and stay away from the 
road until the vehicles have passed. Because road signs and vegetation clearing are only 
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signalling drivers that the situation might become dangerous, they can still choose whether 
they want to take the warnings serious or not. Other measures however like speed limits are 
forcing the drivers to behave in a certain way. They do not have to understand the reasons. 
All they have to do is to follow the guidelines given to them.  
 
On the animals’ part one has two options too. At first once they approach the roads one can 
try to warn them that this place is very dangerous when cars are crossing. A variety of soft 
options exist. They have the advantage that they still allow deer to pass the roads [Putman 
1997] which is very important for maintaining the genetic pool for the species at a high level 
[Raven and Johnson 2001]. The other possibility is to prevent deer from crossing roads at 
all. Game fences are a good example for such hard options. 
 
The most common management options are introduced in the following. Each of them will 
be explained, and their advantages and disadvantages should be evaluated as far as 
possible. That is not easy as many of the studies evaluating the effectiveness of the methods 
have not provided statistically valid results, according to Danielson and Hubbard (1998). “In 
general, most studies have failed in two ways: 1) the studies have not included control areas 
to compare to treatment areas, or 2) the studies have lacked adequate replication of 
treatment and/or control areas. Both problems make the conclusions drawn from those 
studies statistically questionable and often invalid.” [Danielson and Hubbard 1998]. Those 
liabilities are at least partly responsible that the evaluation of the success of a certain 
measure can be entirely different, ranging from a “great success” in one study to a 
“complete failure” in another one. Most of the introduction and the evaluation of the 
different measures I present here refer back to the articles by Putman (1997) and Danielson 
and Hubbard (1998), who have carried out an intense literature review. 
 
4.2 Mitigation strategies 
 
4.2.1 Fencing 
Fencing is a method widely used to reduce deer accidents. In Germany as in many other 
countries large parts of the motorways are fenced. Although motorways themselves seem to 
impose an artificial barrier to deer which they are unwilling to cross [Putman 1997], it still 
happens occasionally especially during the dispersion seasons. As the speeds of the vehicles 
are extremely high there (e.g. there is no speed limit on most parts of German motorways 
[ADAC 2004]), crashes with deer would have catastrophic dimensions. Although fences 
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appear to be the most effective option to prevent deer from entering roads [Danielson and 
Hubbard 1998], they are not impermeable [Putman 1997; Danielson and Hubbard 1998]. 
 
The effectiveness of fences is strongly dependant on their height. Fences of heights ranging 
from 2.2m up to 2.7m are routinely used. Under conditions with plenty of food off-road side 
of the fence, 2.2m might be sufficient to keep deer away from the roads. However if the 
habitat quality is poor and food is luring from the roadside or the opposite habitats, deer 
could easily jump 2.2m fences [Danielson and Hubbard 1998]. 2.3m are sufficient enough to 
reduce the number of mule species crossing significantly, whereas 2.7m are required to have 
the same effect on deer. That means that the height should be chosen according to the 
target animal. In extreme cases deer is able to jump a 12-foot fence, which is corresponding 
to ca. 3.6m [Hartmann 2002]. 
   If deer have the desire to reach the other side of the road they keep on trying to cross the 
fence. They don’t even have to take the way above the fence, if other opportunities are 
offered. It has been found that a gap of only 23 cm between the bottom of the fence and 
the ground was enough for white-tailed deer to pass through [Danielson and Hubbard 1998]. 
Even if the fences are carefully planned and installed, gaps can still originate from erosion or 
from tunnels of digging animals. Regular maintenance is therefore crucial to guarantee that 
the fences are able to fulfil their purposes. Reasons are not only ground-fence gaps, but also 
deer themselves that keep on testing the fence for possible breaks. Once they have found 
one, they will quickly exploit it [Danielson and Hubbard 1998]. 
 
If fences are erected both sides of the road, earlier or later one encounters the problem that 
animals which have found a way across the first fence are trapped on the road. Some means 
of exit should therefore be provided for deer to escape [Putman 1997]. Those might be one-
way gates, or even better earthen ramps [Danielson and Hubbard 1998]. Generally fences 
work best in combination with other methods such as crosswalks, overpasses or 
underpasses. In those cases fences act as channelling tools for deer to places where a save 
passage can be provided. Those management options are introduced in more detail in the 
next chapters. 
 
The decision to set up fences can only be drawn after evaluating the advantages and 
disadvantages carefully. One of the major drawbacks are the high installation- and 
maintenance costs. In the early 1970s game proof fencing on a 7.8 mile stretch (ca. 12.5 
km) had cost $240,000 [Danielson and Hubbard 1998]. That is corresponding to almost 
$20,000 per kilometre of fence. More recent figures approximate fencing on a one kilometre 
 - 66 - 
                      4 .  Managemen t  op t i o n s  t o  a vo i d  d ee r - v eh i c l e  c r a she s  
 
strip to range between $20,000 and $60,000 [Langbein 2003]. The maintenance costs are 
estimated to be ca. 1 percent of the installation costs per year [Reed et al. 1982]. Reed et al. 
(1982) recommend 2.4m fences to be constructed when the financial savings (e.g. due to 
less vehicle damage) exceed the construction and maintenance cost in the ratio of at least 
1.36:1. They calculated that 8 DVCs have to be avoided annually on a 1.6 km strip in order 
to make a one-roadside-fence profitable. Fences on both roadsides require the avoidance of 
16 crashes per year to be economically viable. If deer fences are installed, the second option 
is the one chosen mostly because in most cases deer have open access to the roads from 
both sides.  
 
The end points of fences are another problem. Fences are usually installed at hot spots of 
road crossings. They prevent deer from crossing on a particular strip of the road, but deer 
reacts to that by trying to find a way around. That leads to a concentration of crossing 
where the fence stops. Those “end-runs” are observed in areas with rather short fences in 
particular [Putman 1997]. They could explain the location of the hot spots in the 
Nationalpark Eifel. This problem can be solved in three ways. First one could simply extend 
the length of the fence even further away from the hot spot. Some of the animals would 
stop exploring the fences too far away from their home-ranges or migratory routes. The 
second option is to offer alternative crossing routes. The last alternative is to let the fences 
end where crossing animals don’t impose any danger to the road vehicles. 
 
4.2.2 Overpasses and Underpasses 
Fences alone only prevent deer from entering roads, but their value as a management option 
is increased if the deer is provided some alternative crossing opportunity [Putman 1997]. 
Overpasses and underpasses offer such an alternative. Overpasses are simply bridges across 
the roads, underpasses are tunnels. The fences function as barriers is extended to funnel the 
deer to these places that guaranty a safe passage.  
   The idea of using underpasses is not new. Newly constructed roads often had machinery 
tunnels underneath. The hope was that deer would accept these tunnels too. It turned out 
that underpasses are somewhat problematic. Almost all deer are reluctant to use 
underpasses, some species to a more and other species to a less extent [Putman 1997]. A 
study by Olbrich (1984) showed that red deer made use of only 8.1% of all underpasses 
available at a certain lengths of German highways. In comparison, the utilization rate of roe 
deer was as high as 44.7%. Migrating mule have been reluctant first [Danielson and 
Hubbard 1998], but after some weeks of wariness they become accustomed to those forms 
of passages and undertook their migration without any disruption [Putman 1997]. The rate 
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of success is determined by the cross-sectional area and the length of the underpasses. The 
larger and the shorter, the more frequently are those underpasses used by deer. A case in 
Colorado (USA) showed that mule deer did not habituate to a certain underpass even after 
10 years, simply because it was small and fully enclosed [Danielson and Hubbard 1998].  
 
Finding the optimal size and the optimal equipment for underpasses has occupied scientists. 
Mule deer made use of 9m x  4m tunnels with earthy floors far more often than of tunnels at 
a size of 3m x 3m and their floor covered by concrete [Putman 1997]. They seem to be 
frightened to use those small tunnels, although they appear to be big in comparison to the 
deer body size. There seems to be a common agreement among the scientist who have 
worked in that field that the tunnels should have a minimum size of roughly 4m in height 
and width to work well. Some species like the white-tailed deer in Florida seem to be 
satisfied with smaller tunnels [Danielson and Hubbard]. The tunnels’ length should be as 
short as possible. Additionally Olbrich (1984) worked out that the cross-sectional area of the 
tunnel to its overall length is critical for each deer species to make use of the tunnel or not. 
For roe deer this “relative narrowness” ration (height x width)/length) should not be lower 
than 0.75, whereas fallow deer requires a ration of at least 1.5.  
   The equipment and appearance of the tunnels are key elements for the speed at which 
animals accustom to their new passages. Especially the materials used as floor seem to be 
important. Deer prefer earthy floors to floors made of concrete [Olbrich 1984]. Important are 
also vegetation cover around the entrances (the more the better) and the colour of the walls 
(light-grey is better than black or dark-grey walls) [Putman 1997]. On the other hand, angle 
of passage, slope or additional lighting showed no improving effect [Olbrich 1984].  
 
Alternatively to underpasses overpasses can be used. The success rate of overpasses and 
therefore the status that should be given to them is discussed as highly controversial among 
scientists. Some say that overpasses should be used whenever possible because they can 
serve as passage for larger animals as well as for intermediate habitat for reptiles, 
amphibians and other small animals [Hartmann 2003]. This is enabled due to the fact that 
overpasses have to be extremely large as deer are reluctant to cross narrow bridges, 
particularly those over busy roads or railways [Putman 1997]. Ideally they have width of 
30m, wide splayed mouths and are covered by grass or even bushes and trees. As they are 
exposed to sunlight and precipitation habitats have a chance to develop there. But the other 
group of scientist points out the disadvantages. Olbrich (1984) found that red deer, roe deer 
and fallow deer used overpasses not as often as they used underpasses. It should be noted, 
that the overpasses he analysed had a width less than 30 metres (a width at which they 
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work successfully in the Netherlands [Putman 1997]). The biggest disadvantage are their 
high costs. One single overpass can cost up to one or two million dollars [Hartmann 2003]. 
The costs for the construction of underpasses in already existing roads are significantly 
lower, but still considerable. So the price for an underpass on a two-lane road lies in the 
category of about $90,000 [Danielson und Hubbard 1998]. Those costs can be reduced 
greatly if underpasses are incorporated into the construction process of new roads. Utilizing 
old machinery tunnels would further decrease the installation costs. So underpasses seem to 
have a better cost-benefit ration than overpasses, although overpasses provide the greater 
ecological advantages. Locations for underpasses as well as for overpasses should be chosen 
with great care, as they only achieve the desired results when placed along the migratory 
routes of deer [Putman 1997]. Once deer has learned that those structures provide a save 
passage they are able to remember the locations at which the overpasses/underpasses are 
found [Hartmann 2003]. 
 
4.2.3 Crosswalks 
Crosswalks (fig. 4.4) are another form of passing system for deer in combination with 
fences. They consists of two one-way gates within 
the fencing [Danielson and Hubbard 1998] 
connected by a dirt track across the road. The 
edges of that dirt path are lined with stone river 
cobble, the purpose of which is to make it 
unattractive for deer to leave the track. Paint 
markings on the road indicate where the track is 
supposed to be between the two earthy sections. 
More advanced crosswalks use cattle grids instead 
of the paint, in order to keep the deer on track. 
Warning signs are supposed to alert the driver 
that deer is likely to cross at this section of the 
road [Danielson and Hubbard 1998]. 
    The main advantage of crosswalks are their low 
costs compared to underpasses and overpasses. 
The estimated construction cost of a crosswalk over two-lane highway comes to 
approximately $15,000 [Danielson and Hubbard 1998]. On the other hand this method is not 
entirely safe as it does not disconnect the lanes for road vehicles and deer. Accidents are still 
possible, particularly if driver neglect the warning signs. The other problem is that 
sometimes the cobble is not enough to distract deer from leaving their dirt tracks. These 
Fig. 4.4 Scheme of a crosswalk (after a 
model from Danielson and Hubbard (1998)) 
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deer are found foraging roadside within the fence barrier. These animals are potentially 
dangerous, as they are lacking escape opportunities in the case they panic. One-way gates 
themselves that form the entry and the exit of the crosswalks have been found to be rather 
ineffective [Danielson and Hubbard 1998]. Design improvements however could make 
crosswalks a cheap, viable alternative to overpasses and underpasses. 
 
4.2.4 Chemical repellents 
Although chemical repellents are not visibly preventing deer from entering roads, they still 
fulfil the purpose of forming a barrier. The fencing effect is not created by a strong physical 
structure but instead by a chemical compositions smelling like humans, bears or wolves 
[Hagopur 2004] – species that deer would try to avoid under normal circumstances. 
Chemical repellents are produced and used mostly in Germany, and are working as such: 
organic foam is sprayed on the vegetation along the roads. The volatile “smelling” particles 
are microencapsulated into the foam. During the daytime the foam becomes disintegrated 
under the effect of daylight, gradually releasing its volatile substances.  According to 
Hagopur, a producer of scent fences, the scent acts in combination with the noise from the 
streets and the movement of the cars. The intention is to make the deer stop and raise their 
alertness, rather than preventing them from crossing the roads. 
 
Although the producers claim that chemical repellents have been used successfully, and 
some studies have been confirmed those claims (e.g. Kerzel and Kirchberger 1993), their 
effectiveness has been questioned more recently by other studies [Putman 1997]. A member 
of the Nationalpark Müritz (Germany) administration, Mr. Krüger, when asked about scent 
fences, he stated that they have been intensively used at hot spots in his national park. He 
concluded that this method has been failed, because it is very expensive and labour intense 
at the same time. It has been shown, that the effects of the repellents have been 
disappearing already after 4-6 weeks. Furthermore the deer became adapted to the scent 
[Krüger pers. comments 2004]. During my research it became apparent that although 
numerous national parks in Germany are concerned about DVCs, chemical repellents are 
only used in the Müritz Nationalpark, although the German Automobile Association (ADAC) 
has been promoting chemical repellents as early as 1992. It should be noted, that the ADAC 
is a well known and influential stakeholder in Germany. So it seems as if the effectiveness of 
chemical repellents must be doubted. 
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4.2.5 Warning whistles 
Wildlife warning whistles have been introduced in the USA as a tool to scare deer away from 
the roads when cars are approaching. They are attached to the cars and emit a whistling 
noise at frequencies ranging from 16-20 kHz [Danielson and Hubbard 1998]. Like for 
chemical repellents, their success must strongly be questioned. A study carried out in Utah 
showed no behavioural response of mule deer to such devices [Putman 1997]. I have found 
no study supporting wildlife warning whistles, or claiming them to be successful. 
 
4.2.6 Roadside reflectors 
As we have seen in the introduction to this chapter, most accident rates involving deer are 
elevated just after dusk and 
before dawn, where visibility of 
the driver are decreased and 
deer show their highest diurnal 
activities. Roadside reflectors are 
designed to reduce the accident 
numbers at exactly those times 
of the day, but also at night.  
   As to be seen in fig. 4.6 the 
individual reflectors (either 
simple mirrors or more advanced 
devices shown in fig. 4.6) are 
detached to posts along the roadsides at a height of circa 0.6 metres [Putman 1997]. Cars 
are emitting light from the headlights in form of a narrow funnel into the direction at which 
the car is going, making the road more visible to the drivers. That beam of light is focussed 
onto the road. The purpose of the deflectors is to redirect parts of the light into the roadside 
vegetation. The transmitted light should warn deer not to enter the road. The more 
advanced reflectors are creating barriers of white, red or blue green light along the roadsides 
by overlapping light beams from different reflectors installed at distances between 20 – 50m. 
The underlying assumption that this construction might work comes from the observation 
that many deer “freeze” when confronted by direct beams of light. 
Fig. 4.6 Roadside reflectors in Germany; they redirect the 
incoming light from approaching cars into the undergrowth 
vegetation [www.naturfoto-online.de] 
 
The effectiveness of simple devices such as mirrors was found to be limited as they are 
susceptible to corrosion [Putman 1997], and as many different animal species seem to 
habituate quickly to them. The German Nationalpark Müritz used reflecting foil, and found 
them to have only little effect [Krüger pers. comments 2004]. Modern reflectors are 
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somewhat more advanced. They are not only transmitting the light, but also filter some of 
the lights wavelength to white, red or blue barriers [Danielson and Hubbard]. The colour 
depends on what the manufacturer thinks is the light the deer is most susceptible to. 
Evidence however is often lacking. The manufacturer Swareflex® has claimed that red is the 
colour that deer is reacting on. That claim is based on the study of one female red deer only. 
Other manufacturers suggest that deer are more sensitive to the violet end of the visible 
spectrum [Putman 1997]. Therefore it is not surprising that field studies show somewhat 
mixed results [Putman 1997; Danielson and Hubbard 1998]. Whereas accident numbers 
have been greatly reduced on small country roads in Denmark after installing roadside 
reflectors, they have been found entirely ineffective in other studies.  
   The problem with most studies that try to evaluate the effectiveness of roadside reflectors 
lies in the relatively short period of time in which the testing has been carried out after the 
installation of the reflectors. Most have been undertaken within two years after the set up. 
Possible habituation of deer to the reflected light could not safely be excluded. Long terms 
studies should help here [Danielson and Hubbard 1998].  
 
The installation of the reflectors cost approximately $5000 - $6250 per kilometre [Danielson 
and Hubbard 1998]. That is relatively cheap compared to fences, but still considerable. 
Problems with the structural design made some of the reflectors break after a relatively short 
time of several months. Danielson and Hubbard report that study in the USA showed that 
after 3 years only 61 percent of the reflectors used in a certain area were in a good shape.  
The manufacturers have already improved the design to make their reflectors lasting longer 
[Putman 1997]. 
 
4.2.7 Deer warning signs 
The most popular method to reduce deer accidents is to set up warning signs. Although 
widely used their success is very doubtful [Putman 1997]. Paradoxically this frequent usage 
might be a major reason for their limited success. People will only give signs attention if they 
are afraid of negative consequences if they would not. Road signs can have two different 
characters: the first group are signs which give the drivers rules how to behave correctly in 
the traffic. If the drivers neglects those rules, they get fined by the police as consequence. 
Examples for those road signs are speed limiting signs, traffic lights or “give way” signs. The 
other group of road signs are warning signs. They signal potential dangers to the driver, 
leaving the drivers a choice to react the way they want. Deer warning signs fall into that 
second category. But what is this differentiation good for? 
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The first group are signs which the drivers have to notice, to recognize and to follow, 
otherwise they are in trouble. Therefore they will put more energy into the recognition and 
finding of those signs rather than on the signs of the second category. This is particularly 
important in situations of “information overkill” in traffic, which occur particularly on roads in 
densely populated areas. The mind focuses on those things that seem to have a higher 
priority. Warning signs therefore can only be successful if used at places of real danger. Only 
if drivers feel that something could happen to them they are likely to take the signs 
seriously. Or in other words, the more warning signs are found and the less happens at the 
places they are set up, the more likely will it be that the signs are ignored [Carson and 
Mannering 2001]. That is the reason, why the wide use of deer warning signs fails to make 
the drivers adopt their speed and behaviour. Putman (1997) reports that efforts to raise the 
drivers’ awareness by “animating” those signs have failed in the USA in the 1975. The 
explanation is given above. Although the outer form has changed, the message of the signs 
remained the same. Because of their relatively low costs, deer warning signs could be an 
effective tool in limiting DVCs [Putman 1997] when only used selectively at places of real 
danger. In order to achieve that goal, country administrations would have to reconsider their 
strategies, and might have to remove deer warning signs at places where the risks of DVCs 
are relatively small.  
 
4.2.8 Road lighting  
Another management option considered in the literature is the lighting of roads in order to 
increase the vision of motorists to recognize approaching deer earlier [Danielson and 
Hubbard 1998]. Road lighting however does not affect the crossing behaviour of deer, so 
that its effectiveness to reduce DVCs has to be questioned. Its high energy costs, high visible 
impacts and the artificial light make this option not viable in National Parks. 
 
4.2.9 Roadside vegetation management 
Statistics show that Deer-Vehicle Crash rates are higher in forests compared to open land. 
This is not surprising as nearly all deer species (at least in Europe) prefer forests to open 
spaces [Putman 1997]. The close the vegetation is found near the roads, and the lower the 
frequency of vehicles passing the roads, the more likely are deer to cross them. Three 
aspects are responsible for elevated DVC rates:  
 
1. Provision of shelter encourages deer to approach closer to the 
roads, and to cross them more frequently 
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2. Road plus vegetation acts as almost optimal feeding ground for 
deer 
3. Vegetation decreases the vision of both deer and drivers 
 
Deer prefer to live in woodlands because the vegetation gives them a sense of safety. The 
likelihood to find deer living beside roads therefore is greatly enhanced if the vegetation 
provides sufficient shelter opportunities. A narrowing gap between the woodlands along both 
road sides – e.g. which is the case for small roads – encourages deer to cross those gaps 
more frequently. Seiler (2003) has found that deer establish home ranges over small roads 
whereas large roads form some sort of an artificial barrier. The problem is increased with a 
declining frequency of passing cars. Many deer species favour woodland edges as habitats. 
They like to feed on open spaces, at the same time having the chance to retreat into the 
woodland cover when a danger is approaching. If deer finds sufficient food resources, roads 
may provide optimal feeding grounds. Obviously this is undesirable. The third disadvantage 
of dense vegetation is the decreases vision for deer as well as for the drivers. Decreased 
vision goes along with a decreased time to react to a deer jumping onto the road all of a 
sudden.   
   Roadside vegetation management therefore seems to be a valid option. Putman (1997) 
describes a study in which the removal of vegetation in a 20-30m strip on either side of a 
railway line reduced the collisions of trains with moose by 56%. Clearing vegetation in a 10-
15m strip alongside roads has also been successfully tested in the German National Park 
Müritz [Krüger pers. comments 2003].  
 
4.2.10 Speed limitations
Besides from management options that decrease the possibilities of deer crossing the roads 
when vehicles are approaching one can also try to enforce the drivers to change their driving 
behaviour. Lower speed limits give the drivers more time to react to unforeseen events and 
improve their abilities to keep their vehicle under control in extreme situations [Seiler 2003]. 
Seiler (2003) has investigated the connection between travel speed and collisions with 
moose in central Sweden. At a speed limit of 50 km/h, 1 crash occurred per 100 km and 
year. At the speed limit of 70 km/h, the crashed rate increased to two. A speed limit of 90 
km/h produced more than 14 accidents per 100 km per year. Apparently reducing the speed 
can help to reduce DVCs significantly.  
   The member of the National Park Müritz administration Krüger concluded in his email 
response to my questions about the success of the management options carried out in the 
Müritz National Park that appropriate speed limits are the most important management tool 
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together with game regulations [Krüger pers. comments 2004]. His colleague Franz Baierl 
from another German National Park, the Nationalpark Bayerischer Wald, comes to the 
conclusion that a speed limit of 80 km/h was responsible for their relatively low DVC rates 
[Baierl pers. comments 2004]. 
   The shortcomings of speed limits are the ways of enforcements. The lack of policing can 
be problematic, so that speed limits are simply neglected [Holland and Conner 1996]. When 
analysing 28 through roads in the county nordrhein-westfalen (Germany), Schnüll and Lange 
(1992) found that sufficient speed reduction could not be achieved by optical effects and 
traffic signs, but only from physical improvements such as bumps. Engel and Thomsen 
(1992) come to the same conclusion when analysing speed reduction measures in Danish 
residential areas. Useful could also be the installation of prompting signs saying e.g. “BEGIN 
SLOWING HERE” as frequently used in Great Britain [van Houten and van Huten 1986].  
 
4.3 Conclusion 
None of the management options presented in the previous chapters is perfect and can work 
on its own. Instead many of the methods have been shown to be entirely ineffective or 
unsuitable for the use in national parks. Warning whistles, road lighting bring no 
improvements at all, the success of chemical repellents is more than doubtful, as well as 
putting up warning signs. I assume that those warning signs are used quite often because 
they are relatively cheap. But it seems that although they are cheap even this money is 
wasted. Most people could figure out themselves that forests may host some unpleasant 
surprises. At least it should be logical that the reduced vision does not leave much time to 
react if deer come out of the undergrowth onto the road all of the sudden. The use of the 
other methods depends on the circumstances. In some cases, overpasses might be a viable 
option even in national parks, although they are very expensive. That would be the case for 
example for roads in very narrow valleys with steep slopes to either side. Providing deer with 
the opportunity of a large overpass they might use the opportunity and establish new 
migratory routes over time. Usually it is a combination of measures that brings the desired 
success. As speed limits seem to have a great accident reducing effect, they should at least 
be used widely in nature conservation areas such as national parks. 
   New technologies and different approaches might overcome the shortages that go along 
with most of the measures presented here. Currently various types of active warning 
systems are tested in North America and Europe [Huijser and McGowen 2003]. Based on the 
recognition that warning signs are often neglected, these systems make it possible to alert 
the driver in situations of real danger. Sensors (infrared/microwave/or others) are placed 
along the roads, noticing any deer approaching that road. Once that is happening, flashing 
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lights along the road are triggered to warn the drivers. The technologies seem to be 
promising as it not stop deer from crossing the roads, but at the same time alerts the driver 
who should be very willing to react to a real dangerous situation. Currently all systems are 
still in the test phase. Some of the shortcomings could already be determined (e.g. false 
warnings, problems with ice and snow, etc.), but some systems seem to operate quite well 
[Huijser and McGowen 2003]. Currently the costs of an infrared based warning system of 
$200,000 per km road are yet quite high [InTransTech 2004]. 
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5. Discussion
 
Throughout the thesis, deer vehicle crashes have been introduced and analysed. The data 
analysis of the case study, the background information about the behaviour of three selected 
deer species plus human perception and driving behaviour in traffic, and the introduction 
and evaluation of measures to prevent DVCs from happening make it possible to find 
suitable management options. But before I go deeper into that issue, I would like to have a 
look at the wider picture. Animal vehicle crashes can be analysed from various angles. 
Depending on the perspective one chooses – being it a safety, economical, ethical, social or 
conservational perspective – road accidents are always embedded in wider field. As this 
thesis is focussing on national parks, it is feasible to choose a rather conservational view. 
The literature review has shown that roads have far more negative impacts on animals than 
just killing them in accidents. Thus suitable management strategies will also have to include 
the other factors that go along with roads. Otherwise, all measures used are remaining 
patchwork. 
 
The discussion is split into three major parts. On the basis of the theoretical background and 
the case study, the first part is trying to propose a broad management strategy for roads 
running through nature conservation areas. The second part is focussing from this wide 
perspective down to mitigation measures of DVCs that are applicable in national parks. The 
third part will return to the case study, the Nationalpark Eifel, and try to predict the future 
development in the park on basis of the theory and the discussion. This chapter is summed 
up with an indication of future research areas. 
 
5.1 General thoughts about road management in national parks 
 
5.1.1 Reasons to close roads to public access 
There are good reasons for supporting the idea of conservationists to close down as many 
roads as possible to motor driven public access. The most severe and most visual impact of 
roads to the wildlife are road kills. They are particularly problematic if animals are involved 
which are listed as rare or threatened species. But roads have other disadvantages, which 
are not that obvious at the first glance.  
 
Vehicles produce noise and pollution. Depending on the road layout, those can be carried 
straight into the heart of the protected area. Many animal species are very sensitive to noise 
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or visual stimuli by the movement of the vehicles, and are put under stress. High 
disturbances result in a net energy loss, which reduces the vitality and the survival rate of 
the species that are affected. The way in which noise, visual stimuli and pollution impacts 
are perceived is species dependant. The distance away from roads at which the impacts still 
are able to result in disturbances is species dependant too. Some species still feel disturbed 
up to 1500 metres away from low car frequency roads, and even up to 3000 metres for high 
car frequency roads [Reijnen et al. 1996]. 
   As many national parks in Europe are relatively small in size (below 20000 ha), one road 
running straight through the national park’s core would emit disturbances that can be 
perceived in wide areas of the park. An inconvenient shape like the one of the Nationalpark 
Eifel1 and an unfavourable topography can increase that problem. The more a shape 
deviates from a closed circle, the closer comes each of the locations in the parks towards the 
park’s boundaries. As activities are not restricted in the adjacent areas, they can form 
disturbance emitting sources. The topography plays a vital role of how far disturbance 
factors are reaching. Roads running in valleys are shut off somewhat, whereas the 
disturbances from roads running on plateaus can be perceived over a wide area. 
 
Roads also simplify access opportunities for tourists. Especially in combination with parking 
places, they allow tourists to drive straight into the inner zones of the park, and to start their 
activities from those points. Human activities always create disturbances among species to a 
larger or lesser extend [Frid and Dill 2002]. 
   By looking at the scenario with no public road access, one will easily recognize the 
differences for the wildlife. In those cases, the “human infiltration” starts from the outer 
boundaries of the park. An analysis of human behaviour in the Swedish national park 
Fulufjället has shown that most of the tourists only walk to the large waterfall, the local 
attraction of that park [Hörnsten and Fredman 2002]. It is those attraction points most 
tourists come to visit. Many tourists have no desire to walk for more than maybe two to 
three hours. The distances that they can cover during this time are limited. Given a cleverly 
though-out track system, it should be possible to create refuges and resting places for the 
animals, away from any disturbance sources. But most often roads in combination with 
parking opportunities create new starting points straight in or near the centre of the national 
park. In that way the “infiltration” distance of those short-distance tourists therefore has 
increased immensely. Not to mention the garbage spread out that goes along with most 
human activities.  
 
1 The Eifel Nationalpark is very long-stretched and even has a part disconnected from the main body. 
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Other disadvantages of roads are the fragmentation of habitats and a decrease of the 
genetic pool of some animal species [Hartmann 2003]. The degree of those two issues is 
determined by the road’s width and its car frequency. The wider a roads, and the higher the 
vehicle frequency, the more likely they form impermeable barriers to animals, particularly to 
small ones [Seiler 2003]. But even large animals like roe deer tend to establish the 
boundaries of their home ranges along these large roads [Putman 1997]. In extreme cases 
this may lead to an isolation of two groups of the same species living to either side of the 
road. Negative consequences of a reduction of the genetic pool may show up in form of an 
increase of genetic diseases [Raven and Johnson 2001]. A road barrier and the resulting 
fragmentation of habitats may also lead to decreasing access opportunities to good quality 
parts of that habitat, which has a negative influence on the population development.  
 
5.1.2 Reasons for keeping roads open to public access 
The group that is likely to fight vigorously to keep roads open to public access are locals. 
And sometimes they have very good reasons. Some national parks don’t have an adequate 
layout, so that it is unavoidable to incorporate private owned cells into the park’s body. The 
Nationalpark Eifel is a very good example to show the difficulties. In Germany, national parks 
can only be announced on areas that are publicly owned. Owners can be for example the 
German government, the counties or municipalities. Private land owners cannot be 
expropriated because of a national park. Of course there is always the opportunity for the 
park administration to buy the land from the private land owners. But what happens, if they 
don’t want to sell? Everyone must be provided with an access opportunity to the land he/she 
owns. For single patches of land or cottages, this can be done in form of a private track. But 
sometimes whole villages or towns find themselves in the middle of the national park (e.g. 
Wolfsgarten, see fig. 2.2). People living in those municipalities need access in form of public 
roads.  
 
As another example, businesses of locals living on one side of the national park might be 
heavily linked up with the municipality at the other side of the national park. The people of 
the two villages have the opportunity to work together that closely because they are 
connected by a good, direct road. The loss of that road link might not be compensated by 
roads running around the park – either because the distance is too far, or the other road 
design is not sufficient for this purpose, or both. In structurally weak areas, the few 
businesses that exist in one municipality often employ people from other municipalities. The 
entire business structure in the municipalities around the park might be negatively affected.  
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5.1.3 The solution 
Although there are good reasons from a conservational perspective to support the idea of 
closing roads to public access, this is not always a feasible idea. The opposition of the locals 
might be too strong. And in many cases, they themselves have very good reasons for 
keeping open access to those roads. So far, I have excluded tourists from the discussion. In 
my opinion, they don’t have the same strong interests as the opposing groups that I have 
mentioned above. There are good reasons for assuming that. The only way in which the use 
of tourism as strong economic factor in national parks works in the long run is the 
establishment of sustainable tourism1 or ecotourism2 [INSULA 2004]. Indeed ecotourism is 
only the specialized form of sustainable tourism, but follows the same underlying principles. 
Sustainable tourism sees itself to be beneficial for both the environment and the locals 
[Hvenegaard and Dearden 1998]. If the principles work, sustainable tourism is a long term 
financial income source for the locals. The basis is that the national parks conservation and 
preservation aims succeed. An increasing environmental awareness among Europe’s 
population during the past years and the willingness to actively do something to protect 
species and habitats – at least in areas like national parks – makes many tourists accept 
limitations in access to and activities in the park [Hvenegaard and Dearden 1998, Eifel 
Tourismus GmbH 2003b]. Personally I believe that it does not make a difference to them, 
wherefrom they are allowed to enter the park. They will enjoy the park experience 
nevertheless, even if they would not get the opportunity to use parking places with in the 
park’s territory. 
 
The conflict area therefore has condensed down to two stakeholders, which are nature 
conservation and locals. Conservationists want the impacts from roads on animal species to 
be as low as possible. In their eyes the best option would be a closure of all roads to public 
access in the territory of a conservation area. Locals on the other hand want to have as few 
restrictions as possible. Thus they want to keep the roads open to public access. 
 
The compromise that I want to suggest should be beneficial to all three groups. The aim 
must be to keep the traffic frequency down to the minimum, in order to reduce all negative 
impacts that are connected with roads. At the same time, local businesses and the freedom 
                                           
1 Definition by INSULA (2004): Sustainable tourism is tourism which is ecologically acceptable in the long 
term and financially viable and fair from a social and ethical viewpoint, for local communities. 
2 Hvenegaard and Dearden (1998) define ecotourism as “responsible travel to natural areas which conserve 
the environment and improve the welfare of local people”. 
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plus the daily routines of the locals should remain unaffected by the policy as much as 
possible. Three steps would have to be carried out to establish a successful compromise. 
  
III 
I 
II 
Reduction of the road network to 
main traffic routes 
Imposing a road toll
Applying suitable measures to 
prevent DVCs at identified hotspots 
Fig. 4.1 Suggested three step system to reduce the disturbing impacts 
coming from roads in national parks 
 
5.1.3.1 Reduction of the road network 
The first step is an analysis of the existing road network. Not all roads are always necessary. 
Some roads might be only convenient shortcuts for a handful of people. Those roads can 
easily be closed down permanently or seasonally, if the distance on alternative roundabout 
ways is on an acceptable level. In that way the fragmentation level of the habitats is going 
to decrease, which is one of the main advantages. The closure of some roads will inevitably 
lead to an increase of the traffic frequency of the remaining roads. That means that the 
negative impact level coming from the remaining roads is elevated. That disadvantage is 
compensated by the overall shortening of the road network length, which makes it possible 
to concentrate the financial means for suitable measures to fewer spots. That allows to 
either choose measures of higher quality, or to save money. In the case of the Nationalpark 
Eifel I suggest to consider the closure of the K26 and the L15 (see fig. 7.1). The K26 is 
connecting one single house to the L15 and the L249. The local resident could receive a 
special permit to use the road to the L249. I believe that the maintenance cost can easily be 
saved here. The second road, the L15, is also unnecessary in my eyes. It is a small country 
road with a rather low traffic load, mostly used by people living west of Heimbach (see fig. 
7.2). One could make this road a dead end at the point where it enters the national park 
territory. The capacity of the L249, a road also running to Heimbach, should be sufficient 
enough to carry the extra traffic load. No residents would be affected be the closure in this 
case. Besides a saving of almost eight kilometre of road, it would also remove two 
disturbance sources which are positioned relatively centrally in the park.  
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5.1.3.2 Road tolls 
As a second step I suggest to impose a road usage charge for the remaining roads in the 
ea is to charge tourists with road tolls that are high enough to scare 
n measures
national park. The id
them off. Given that parking places are provided at the boundaries in sufficient number and 
quality for free, tourists should be brought to use these rather than the ones within the park. 
At the same time, alternative routes around the park should be available. A dense road 
network often exists in densely populated areas, so that this option should be feasible. 
Locals should be allowed to buy a license available for a whole year. This license should be 
offered to a reasonable price, or it might even be thinkable that locals receive a free licence 
by their municipalities. Almost everyone who needs to drive through the park on a regular 
basis should be able to afford this one-year ticket. For example, a single ticket could – to 
illustrate the idea - cost 10 Euro. This price is fairly high, especially if the road that one 
wants to use has a length of only a few kilometres. A British study of road user charging in 
the Lake District national park as shown that a charge of £5 (which corresponds to about 
€7,50) potentially reduced to willingness to enter the study area [Eckton 2003]. The ticket 
for one year could for example be priced 50-70 Euros. As studies have shown that most 
visitors are not staying overnight [Eifel Tourismus GmbH 2003a], they will be reluctant to 
pay for the one-year ticket as they don’t need it. Considering the free parking opportunities 
at the boundaries they might also prefer to park for free, especially if the park authorities 
succeed to convince them that they don’t miss out a lot of attractions. An additional positive 
effect of road tolls are the creation of jobs for the locals. Two systems could be thought of: 
an automatic toll system as it is successfully applied in some European cities, or a conductor 
based system. The choice should be based on economic objectives. The road user charging 
system should be at least self-supporting. All profits made should be invested in further 
conservation measures. 
 
5.1.3.3 Application of mitigatio  
inally suitable measures should be applied at hot spots of deer vehicle crashes on the 
ndividually for each national park. In the 
.2 DVC reducing measures in national parks
F
remaining roads. The choice has to be made i
following chapters some of the key elements when choosing the correct measure are 
summarized. 
 
 
5  
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The example of the Nationalpark Eifel has shown that it is worth to start thinking about the 
.2.1 Locals are the highest contributors to DVCs
problematic of roads running through national parks. Especially in areas where those roads 
form arterial routes for locals going driving to work and back home again, management 
options are probably necessary. It turned out that locals are probably by far more often 
involved in DVCs than tourists. Several reasons are mainly responsible for this phenomenon.  
 
5  
pposite to tourist that have come to 
he second possible reason why locals are more often involved in DVCs than tourists is the 
 winding road is 
At first it might be explained by the time pressure. In o
enjoy their holidays and who therefore have all time of the world, locals carry on with their 
every day lives businesses. Their life is determined by the clock. They have to be at work on 
time or they have to rush to pick the children up after school. Shortly their day is determined 
by appointments. Consequently they usually travel faster than tourists who also might use 
the opportunity to look around while driving and enjoying the scenery which often is new to 
them. But the ordinary working life is also determined by worries and concerns about all 
possible things. Together with the fact that many locals who are working have to think about 
work issues most of the day, their minds are more occupied with other things than driving 
than the minds of tourists. Therefore when travelling on roads this high mental workload 
might make locals more readily shift away from the peripheral view forth to the central view 
[Herslund and Jørgensen 2003]. Consequently they are unable to react to sudden dangerous 
situations in an appropriate way. 
 
T
familiarity to the local environment. The more often one drives a certain route, the more 
likely one remembers geographical and physical features of the road segment that lies 
ahead, and also the vegetation, settlements, landscape and the road layout. Humans have 
the tendency to adapt their behaviour to the familiarity gradient. The familiarity makes us 
feel safer in the things we do. The boundaries for our sense of security have been extended 
[Summala 1996]. And many humans tend to act close to their boundaries.  
   In the case of road design, a little example can illustrate this nicely. A
running up a hill. The last part is going straight over the hilltop, giving the driver no chance 
to see the next road segment. Drivers unfamiliar with the road layout will go off the 
accelerator and brake in expectation of possible dangers. Maybe a sharp curve is waiting just 
behind the hilltop. This driver can’t know that the road in the example runs straight of the 
other side of the hill. If the same driver has been using that road for a couple of times, he 
will remember that the road is following a straight line. In this case his sense of security will 
rise, and in consequence he will pass the hilltop at much higher speeds, knowing that the 
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r sense 
he third reason lies within the nature and the expectations tourist have when coming to 
orts my idea that locals 
y stating that locals show a higher contribution to DVCs than people from outside, it is 
                                          
road design does not hold any unpleasant surprises. It is repeatedly neglected that 
unpleasant surprises nevertheless can wait on the other side – in form of an animal.  
   In conclusion the increased familiarity with the road design and the resulting highe
of security makes locals increase the speed at which they travel. Especially if they have 
never encountered a dangerous situation such as deer jumping onto the road all of the 
sudden, they will simply ignore that danger. The number of people disregarding the danger 
of DVCs is very great as most of them have never come close to a DVC, even though the 
DVC rates are at considerable levels. 
 
T
visit national parks, and consequently in their behaviour. Several studies have shown that 
most tourist come to experience and to enjoy nature, carry out nature based activities or 
simply want to watch rare animals [Hörnsten and Fredman 2002; Eifel Tourismus GmbH 
2003b]. Almost all activities that fall into the spectrum of what tourists want have to be 
carried out in daylight. Obviously it is very difficult to watch rare birds at night. Tourists get 
up in the morning well after dawn and usually return to their resident places before dusk. 
The age structure of park visitors1 falls into a category that makes many researchers belief 
that they would avoid travelling during the night time if it can be avoided. Deer however 
show their highest activities just after dusk and just before dawn [Sibbald 1994]. Studies 
have shown that DVCs peak during those hours of the day [Haikonen and Summala 2001]. 
Mainly young local drivers are found on the roads at those times of the day, visiting friends 
or going out. As the accident involvement of young drivers is very high in general, they must 
be considered to cause most of the night-time DVCs. Unfortunately I was not able to prove 
that assumption in my case study due to the lack of suitable data.  
   The seasonal distribution of DVCs in the Nationalpark Eifel supp
have a higher contribution than tourists. During the summer time when most tourists come 
and visit the park [Eckton 2003] the accident numbers are not significantly elevated 
compared to spring and autumn. Only during the winter the accident rate is significantly 
lower, probably caused by a better visibility due to the reduced vegetation cover.  
 
B
important to keep in mind that this statement only accounts in situations where locals are 
relatively abundant. In cases where they are heavily outnumbered by tourists and other non-
locals, their share to the total number of DVCs is likely to be rather small. Shortly the 
 
1 The average age of hikers in Germany lies between 45 and 50 years. Hiking is the most popular activity in 
national parks [Eifel Tourismus GmbH 2003b] 
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individual risk factor for becoming involved in DVCs is higher for locals, but the overall risk of 
the group of persons depends on its number. 
 
5.2.2 Suitable measures for national parks 
nt measures should therefore focus on 
creasing the visibility is always a good idea if DVCs can be referred back to impaired 
ood addition to roadside vegetation management. The 
function of those devises suggests that they work best if no obstacles prevent deer to see 
The selection process of suitable manageme
instruments that are successful to reduce the number of DVCs in which locals are involved. 
Deer warning signs are surely the wrong way as the people tend to habituate to them. I 
strongly propose to use speed reducing measures as they have been demonstrated to be 
very efficient to reduce the number of deer collisions [Seiler 2003]. The Nationalpark Müritz 
(Krüger pers. comm.) and the Nationalpark Bayerischer Wald (Baierl pers. comm.) (both 
Germany) have been confirming that finding. The optimal choice would probably be a 
general speed limit of 70 km/h.  But it is not sufficient enough only to set up speed limit 
signs, the usual method to enforce speed limits. In the Nationalpark Eifel, particularly locals 
seem to be speeding instead of following the signs (Möller pers. comm.). In my opinion 
speed limits only work if a threefold approach is chosen: signs, physical measures and 
control mechanisms. Only frequent controlling by the police is making people to take those 
signs serious. Appropriate physical road applications should support the speed signs. I can 
think of measures producing unpleasant noises according to the chosen speed, such as 
bumps, gratings or rumble bars [Comte and Jamson 2000]. These measures might also be 
useful tools to fight drivers sleepiness, which was found to be the reason for many accidents 
[Sagberg 1999]. 
 
In
drivers’ sights. Clearing the vegetation along the roadsides seems to be a feasible option 
[Putman 1997]. Besides a reduction of DVCs, this clearing would also increase the roads’ 
safety as it removes the possibility of trees falling onto the road. Additionally animal food 
resources that make roads an attractive place to dwell could be removed that way. The 
clearing distance away from the road has to be quite large to make this method efficient. 
Strips of at least 20 metres width alongside both roadsides are required to give drivers 
sufficient time to react to crossing animals [Putman 1997]. Unfortunately the clearing is 
nothing else but habitat destruction. It can be seen as an artificially widening of the road. 
Thus its use should be evaluated carefully, particularly in national parks. It will have to be 
taken care that the clearing does not provide new feeding grounds for deer so that they are 
attracted to stay near the roads. 
   Roadside reflectors might be a g
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ion in national parks is often restricted to non-constructive measures as 
any national park plans limit or even prohibit the construction of new obstacles on the 
the scattered light. Relatively low costs support the use of reflectors, although not all studies 
have been able to prove their effectiveness. If possible high tech solutions should be 
preferred to simple mirror approaches as the latter show very low durability [Danielson and 
Hubbard 1998]. 
 
Accident prevent
m
national parks territory. Although this policy makes sense under normal circumstances, the 
use of constructive measures should still be considered in cases where they would be of 
great aid for the conservation efforts. When using them it is important not only to focus on 
one selected species –e.g. roe deer – and to neglect the needs of other ones. Fences might 
be an appropriate measure to alter the crossing behaviour of deer species, and to redirect 
them away from danger road spots to safer road segments. Those safer segments could be 
marked with warning signs in combination with speed reductive measures. I believe that this 
way DVC rates can be minimized. Those crosswalks seem to be the preferred option over 
under- and overpasses as they are much cheaper to realize. Fences should only be used 
selectively as they have disadvantages which are undesirable in national parks. If the 
decision is made to set up fences, additional measures have to be installed that allow small 
animals still to cross the roads at those segments where the fences are set up. If 
constructive management options are chosen, their design has to be appropriate to fulfil 
their purposes (see chapter 2.4). 
 
5.2.3 Cost-effectiveness 
In order to justify the use of management options, a number of criteria have to be fulfilled. 
 of view, the damage caused by DVCs should exceed the 
the measures is taken into consideration. 
From an economical point
installation and the maintenance costs of the suggested management option. Only then the 
management option is economically viable. For both the damage that has occurred and the 
management option internal and external costs should be summarized. For example, an 
accident creates financial losses not only through the damaged vehicle. Game damage, 
hospitalisation and work delays also have to be drawn into the calculation. The figure about 
the costs of DVCs in Germany refers only to the physical damage of vehicles. The real cost 
therefore lie above those 1900 Euro per crash that I have worked out earlier in the report. 
Unfortunately I cannot estimate yet, how far the real costs are going to exceed the 1900 
Euro. This should be scrutinized in further studies. 
   Referring back to cost-benefit analyses for DVC reducing measures surely is an effective 
tool that should always be applied when the use of 
 - 86 - 
                                                                         5 .  D i s c u s s i on  
But in some cases the use of those measures might be justified even if the cost-benefit 
analysis does not give a positive result. There are two cases, which I can think of. In the first 
case, the severity of accidents happening at a certain spot along the roads is always so great 
that despite low accident numbers people are injured or killed most of the times in those 
accidents. The prevention measures chosen should be awarded with a life saving factor. 
During my research I have not come across such a case. It seems very unrealistic for such a 
case to happen. The second case however is more likely to occur. The use of DVC reducing 
measures in my eyes is also justified if certain spots can be identified where rare animals are 
killed on a regular basis, or where the killings of individuals would threaten a local population 
of a species. Thereby conservation ideas have to be given a higher value than purely 
economical thoughts. 
  
5.2.4 Conclusion 
As national parks are always installed in order to protect rare species, those who might be 
e identified, and appropriate measures should be applied. One should threatened should b
not only focus on the large animals like deer, which are very visible and also cause 
economical damage. Usually large deer contribute only a minor part to animal killings on 
roads. Smettan (1998) has been comparing the number of killed vertebrates on different 
roads. According to his study, only 38 percent of the victims were mammals, the majority 
with over 60 percent have been birds. Another studies identified amphibians to be the 
largest group killed, followed by birds [Miech 1988; Fuelhaas et al. 1989]. Miech (1988) 
stated that mammals contributed only eight percent to the total losses. For conservationists 
it is very important to know those numbers. Traffic should be avoided wherever possible. 
The simplest way to reduce the number of DVCs is the application of speed limits, which 
have shown to be very effective and cost-efficient at the same time. 
    
4.3 Nationalpark Eifel: the forecast 
As it has been demonstrated during the case studies, the area in and around the 
he future. At first it is very likely that the Nationalpark Eifel is going to face some changes in t
visitor numbers are going to rise. To which degree this is taking place can not be foreseen 
yet, but I assume that the most the visitor numbers are going to double. Secondly the 
national park administration has claimed to try to increase the red deer population in order 
to make them more visible to the visitors. Again it is difficult to estimate the population 
development at this point. It is however interesting to note that currently the red deer use 
the park area primarily as their winter territory. Usually they spend their summer about fifty 
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f the data analysis and the knowledge about the biology about the large 
ammals in the park as well as human driving behaviour I believe that the Nationalpark Eifel 
me necessary. Roe 
eer is the species of concern. There are two reasons to believe that. The first is a possible 
kilometres away [Woike, Pardey and Wolff-Straub in NUA 2002]. The third change is going 
to affect the forest composition. No matter whether the chance is carried out actively or 
whether it happens passively over time, experts from the national park authority believe that 
the forest composition will eventually shift from spruce to beech at least in parts of the park. 
Studies showing that roe deer prefers deciduous habitats to coniferous habitats [Seiler 2004] 
make me believe that this shift will be accompanied by an increase of the roe deer 
population, unless no regulative measures are applied to keep the population size on the 
current level.  
 
On the basis o
m
is probably not facing a DVC problem in the future. Currently no problems can be observed 
in the park. According to a theoretical analysis, most deer accidents are caused by young 
drivers and during the night time between dusk and dawn. Comparing this profile to that of 
both groups that are possibly involved, which are locals and people from outside the region, 
it fits much better with the profile of locals compared to the one of tourists. Furthermore the 
tourist numbers are already high in the region, so I expect them not to grow exponentially in 
the future. Instead the most that I can see is that the number of tourists is going to double. 
The accident rates for red deer, wild boar and mouflons are currently so low, that such an 
increase would not have any dramatic effect on their accident numbers. 
 
However one case is thinkable in which mitigation measures will beco
d
change of the habitat conditions in some places in the park, which should be promoting the 
growth of the roe deer population. A larger population means a higher probability for road 
crashes with that species. As roe deer already contribute 68 percent to all crashes in the 
park, that problem might increase in the future unless regulatory measures such as hunting 
are carried out. The second reason is a study by Groot-Bruinderink and Hazebroek (1996). 
They have suggested a non-linear relationship for roe deer between traffic volume, deer 
population and accident numbers. In their study DVCs with roe deer increased five times 
faster than the local roe deer population or the traffic volume. In the worst case scenario, a 
doubled number of tourists would result in a doubling of the traffic volume along the roads 
in the park. In the case that the doubling distributes evenly to all roads in the network, that 
doubling can be critical as the increase brings the traffic volume closer to the critical load of 
5,000 vehicles per day, which Seiler (2003) found to result in the highest crash rate among 
deer (see chapter 4.1). A combination of a growth of roe deer populations and traffic 
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increase could therefore lead to much higher DVC rates than what is observed now. But I 
have to stress again, that this is the worst case scenario.  
 
4.3 Future steps and research areas 
Although is unlikely that the deer vehicle crash rates are going to increase largely in the 
n that nevertheless it is necessary to 
 DVCs easier I suggest a better cooperation 
etween police and forestry departments. Currently both authorities use different recording 
es 
 determine the real 
osts that originate from DVCs in the region. Those costs should include as many 
future, the possible worst case scenario has show
monitor their development carefully. I would strongly advise to expand the investigations to 
protected species that might be affected by the roads in the Nationalpark Eifel. Besides road 
kills it would be very interesting to identify the visual and noise impacts of the roads in the 
park to the local wildlife. That should be an important task that a national park authority has 
to carry out. If the measures that I have proposed in the discussion are carried out in the 
park, it would be very interesting to do a comparative study on DVCs in the new “after” 
condition, and to compare both investigations.  
 
In order to make future research in the field of
b
systems for DVCs. Yet all their accident files are recorded on paper. New technologies would 
allow using electronic databases instead, which can be linked between the departments. If a 
standardized form was used to record accidents, not only DVCs, both sides would gain much 
better information about their own statistical analyses that they carry out on a regular basis. 
That new type of recording would not necessarily take more time than the old one. 
   For the analysis of DVCs, a standardized recording protocol should at least contain 
information about the time of the accident (day of the year, time of the day), the speci
involved in that accident, age of the driver, residential area of the driver, injury status, and 
the place of the accident. For the latter, the police recording system should be applied 
because of its high accuracy. Of course it would be interesting to know more details (e.g. the 
purpose of the journey), but that would go along with too much effort.  
 
If mitigation strategies are considered, it would also be interesting to
c
externalities as possible, for example costs of the health system, losses of the game, etc.. 
That could help to justify the application of more cost intensive, but also more efficient 
measures. 
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6. Conclusion 
The thesis has been pursuing three different goals. At first it wanted to find an answer to 
the question whether deer vehicle collisions on the road are creating problems which must 
be solved by the park’s administration. Secondly it sought to identify the underlying 
principles of DVCs in order to find suitable mitigation measures, which can widely be used 
in national parks, but also other nature conservation areas. The third part dealt with 
development of a general strategy to mitigate problems created by roads in national parks. 
That strategy should be acceptable from an ecological perspective and a social 
perspective to the three main stakeholders in the parks: nature conservation, tourists and 
locals. All three parts have been successfully approached. 
 
The data analysis of DVCs on the territory of the Nationlpark Eifel during a period of 7 
years has shown that currently deer-vehicle crashes are not a problem, neither from an 
ecological perspective nor from a social perspective. Although it is difficult to predict the 
future development as there are two critical factors which might have a strong impact – an 
increase in tourism and the increase of roe deer populations due to a change of the 
vegetation in the park –, future problems are either non-existent or can be absorbed by 
suitable measures. These could be a highly developed guidance system for visitors, 
management of the roe deer population through hunting and also selective mitigation 
measures at hot spots along the road system. Despite the lack DVC problems on the 
overall picture, four hot spots of DVCs have been identified. As the killings are 
considerable at these spots, from a conservation perspective the use of mitigation 
measures seems advisable there. I propose a general speed limit of 70km/h in the park as 
it is a non-constructive measures, which has been demonstrated to be a very efficient and 
inexpensive [Seiler 2003].  
 
Although many different DVC-mitigation measures are available “on the market”, an 
evaluation of these measures has shown that only few work relatively efficiently. Those are 
in particular speed reduction, fencing in combination with 
overpasses/underpasses/crosswalks and roadside vegetation clearing, maybe in combination 
with roadside reflectors. All other measures are either ineffective or at least unproven, 
mostly because they neglect to understand animal behaviour or human perception and 
behaviour. So before mitigation measures are chosen, it is important to make an analysis 
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about the target groups that are causing the problems. At first the target species should be 
identified, and its biology should be understood. Secondly an analysis should be carried out 
about the characteristics of the group of persons which are likely to be the main group 
involved in animal-vehicle collisions. Both “profiles” help to find the best preventive measure, 
or even enables to develop new mitigation strategies which could be much more suitable to 
solve local problems than referring back to “traditional” methods. New technologies like 
infrared-sensor warning systems might offer new opportunities in the future. 
 
The use of mitigation measure to reduce DVCs in national parks and other nature 
conservation areas should be embedded into a higher strategy. That is important because 
road kills are only one negative effect of roads to ecological systems. As nature conservation 
areas share one common aim, which is the conservation of species, these negative impacts 
from roads in form of disturbances, habitat degradation and road kills – just to name a few – 
should be minimized. I suggested a three-stage approach: reduction of the road network to 
a minimum that would still be acceptable for locals, introducing a road toll system that is 
favourable to locals but keeps non-locals out of the area, and finally the use of specific 
mitigation measures. In my opinion this system would create a good balance between the 
interests of all three stakeholder groups. I suggest that it should be applied in the 
Nationalpark Eifel. 
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Appendix 
 
Small country roads
Smaller country roads
Major roads 
 K  26 
L 246 
L 218 
L 245 
L 15
L 249
L 249
L 207
B 258 
B 265
B 266
Fig. 7.1 The road network in the Nationalpark Eifel 
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2,954 
2,528
1,651 
3,513
2,224
2,115
3,165
4,808
8,890 
12,460 
4,350 
1,700 
2,383 
2,215
2,495
KEY 
1,501 – 2,500 
2,501 – 5,000 
No data available 
7,501 – 10,000 
10,001 – 20,000 
Fig. 7.2 Mean traffic densities (vehicles/24h) from the year 2000 [Landesstraßenbauamt NRW]; the red 
arrows indicate the places where the counting took place 
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HOT SPOTS of DVCs
KEY 
Small country roads
Smaller country roads
Major roads 
Fig. 7.3 Hot spots of DVCs along the road network in the Nationalpark Eifel 
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Titel Name Adress 
   
Mr Nießen Forsthaus Mariawald, D-53937 Schleiden-Wolfgarten 
Ms Geitz Forsthaus Wolfgarten II, D-53937 Schleiden-Wolfgarten
Mr Falkenberg Forsthaus Rothe Kreuz, D-52150 Monschau 
Mr  Dickmann Forsthaus Dedenborn, D-52152 Simmerath-Dedenborn 
Mr Möller Forsthaus Hetzingen, D-52385 Nideggen-Brück 
Mr Schröder Am Ginsterweg 12, D-53937 Schleiden-Gemünd 
Mr  Drespa Forsthaus Düttling, 52398 Heimbach 
 
Fig. 7.3 Interviewed local foresters of districts on the Nationalpark Eifel territory  
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